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Our quality 
system 
focuses 
on the continuing 
high quality 
of our 
components 
and the best possible service for our customers. 
We have 
a th ree-sided quality strategy: we apply a system of total quality control 
and assurance; 
we operate customer-oriented 
dynamic 
improvement 
programmes; 
and 
we 
promote 
a partnering 
relationship 
with 
our 
customers 
and suppliers. 


In striving 
for state-of-the-art 
perfection, 
we continuously 
improve 
components 
and processes 
with respect to environmental 
demands. 


Our components 
offer no hazard to the environment 
in normal 
use 
when operated 
or stored within the limits specified 
in the data sheet. 


Some components 
unavoidably 
contain substances 
that, if exposed by 
accident or misuse, are potentially 
hazardous to health. Users of these 
components 
are informed of the danger by warning notices in the data 
sheets 
supporting 
the components. 
Where 
necessary 
the warning 
notices 
also 
indicate 
safety 
precautions 
to be taken 
and disposal 
instructions 
to be followed. 
Obviously 
users of these components, 
in 
general 
the set-making 
industry, 
assume 
responsibility 
towards 
the 
consumer 
with respect to safety matters and environmental 
demands. 


All used or obsolete 
components 
should be disposed 
of according 
to 
the regulations 
applying 
at the disposal 
location. 
Depending 
on the 
location, 
electronic 
components 
are 
considered 
to 
be 
'chemical', 
'special' or sometimes 
'industrial' waste. Disposal as domestic waste is 
usually not permitted. 
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Data sheet 
status 


Objective 
specification 
This data sheet contains 
target or goal specifications 
for product development. 


Preliminary 
specification 
This data sheet contains 
preliminary 
data; supplementary 
data may be published 
late/ 


Product specification 
This data sheet contains 
final product specifications. 


Limiting 
values 


Limiting values given are in accordance 
with the Absolute 
Maximum 
Rating System (IEC 134). Stress above one or 
more of the limiting values may cause permanent 
damage 
to the device. These are stress ratings only and 
operation 
of the device at these or at any other conditions 
above those given in the Characteristics 
sections 
of the 


I 
specification 
is not implied. 
Exposure 
to limiting values for extended 
periods may affect device reliability. 


Application 
information 


Where application 
in/ormation 
is given, it is advisory 
and does not form part of the specifica[ion. 


These products 
are not designed 
for use in life support appliances, 
devices, or systems where malfunction 
of these 
products 
can reasonably 
be expected 
to result in personal 
injury. Philips customers 
using or selling these products for 
use in such applications 
do so at their own risk and agree to fully indemnify 
Philips for any damages 
resulting 
from 
such improper 
use or sale. 


___ 
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The 
HCMOS 
family 
of 
logic 
ICs is manufactured 
using 
a 


self-aligning 
311m polycrystalline 
silicon-gate 
CMOS 
process 


combined 
with 
local 
oxidation 
of silicon 
(LOCOS). 
HCMOS 


ICs 
have 
the 
low 
power 
consumption, 
high 
immunity 
to 


input 
noise 
and 
wide 
operating 
temperature 
range 
of earlier 


silicon-gate 
CMOS 
circuits 
together 
with 
the 
high-speed 
and 


drive 
capability 
of 
bipolar, 
low-power 
Schottky 
TTL 


(LSTTL). 
They 
are 
also 
immune 
to 
latch-up 
and 
all types 


are 
available 
in 
01 L 
packages 
and 
in 
space-saving 
SO 


packages. 


Many 
HCMOS 
circuits 
are 
pin-compatible 
with 
existing 


54/74 
LSTTL 
and 
HE4000B 
CMOS 
logic 
ICs. HCT types 


are 
ideal 
replacements 
for 
LSTTL. 
HCT 
types 
can 
also 


interface 
between 
TTL 
and CMOS 
ICs. 


74HC: 
CMOS 
input 
switching 
levels 
30%V CC 
and 


70%V CC 
(typical 
switching 
threshold 
50%V ccl. 


supply 
voltage 
2 V to 6 V 


74HCT: 
TTL 
input 
switching 
levels 
0.8 V 
and 
2 V 


(typical 
switching 
threshold 
28%VcCl. 
supply 
voltage 
4.5 V to 5.5 V 


74HCU: 
CMOS 
input 
switching 
levels 
20%VCC 
and 


80%VCC 
(typical 
switching 
threshold 
50%VCC), 


supply 
voltage 
2 V 
to 
6 V; 
unbuffered 
to 
allow 
operation 
in the 
linear 
mode 


The 
HCMOS 
family 
also 
includes 
several 
complex 
circuits 


for 
switching 
or multiplexing 
analog 
signals. 
These 
circuits 


have 
low 
crosstalk 
and 
feedthrough, 
and 
a 
very 
large 
frequency 
bandwidth. 


There 
are 
also 
two 
FIFOs 
and 
three 
PLLs 
in the 
HCMOS 


range, 
of which 
one 
(HC/HCT297j 
is a fully 
digital 
type. 


• 
The 
switching 
levels 
of 74HC 
types 
are 30% and 
70% of 
VCC 


• 
DC noise 
margin 
of 74HC 
types 
three 
times 
that 
of TTL 


ICs 


• 
Logic output 
levels 0.1 V and V CC - 
0.1 V 


• 
All types, 
except 
74HCU 
are fully 
buffered 


• 
Fanout 
capability 
of 
10 
LSTTL 
loads 
(4 mAl; 
this 
is 


increased 
to 
15 
LSTTL 
loads 
(6 
mAl 
for 
types 
with 
bus·d river outputs 


• 
Functions 
and pinning 
identical 
to most 
popular 
LSTTL 
and CMOS HE4000B 
families 


• 
Symmetrical 
output 
sourcing 
and 
sinking 
currents 
and 
equal 
output 
rise and fall times 


• 
All 
types 
available 
in 
plastic 
SO 
packages 
for 
surface 


mounting 
and plastic 
0 IL packages 


• 
Choice 
of operating 
temperature 
range: 


-40 
to + 85 °c 
or -40 
to + 125 °c 


Functional 
index 


Numerical 
index 


page 
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HIGH SPEED CMOS 


LOGIC FAMILY 


FUNCTIONAL 
INDEX 


type no. 
description 
pins 
classification 
page 


NAND/NOR 
gates/EXCLUSIVE-NOR 
gates 


HC/HCTOO 
quad 2-input 
NAND gate 
14 
SSI 
107 


HC/HCT02 
quad 2-input 
NOR gate 
14 
SSI 
111 


HC/HCT03 
quad 2-input 
NAND gate (with open 
14 
SSI 
115 
collector 
outputs) 


HC/HCT10 
triple 3-input 
NAND gate 
14 
SSI 
137 


HC/HCT20 
dual4-input 
NAND gate 
14 
SSI 
153 


HC/HCT27 
triple 3-input NOR gate 
14 
SSI 
161 


HC/HCT30 
8-input NAND gate 
14 
SSI 
165 


HC/HCT133 
13-input NAND gate 
14 
SSI 
263 


HC/HCT4002 
dual 4-input 
NOR gate 
14 
SSI 
789 


HC7266 
quad 2-input 
EXCLUSIVE-NOR 
gate 
14 
SSI 
1209 


AND/OR/EXCLUSIVE-OR 
gates 


HC/HCT08 
quad 2-input AND gate 
14 
SSI 
133 


HC/HCT11 
triple 3-input AND gate 
14 
SSI 
141 


HC/HCT21 
dual 4-input AND gate 
14 
SSI 
157 


HC/HCT32 
quad 2-input OR gate 
14 
SSI 
169 


HC58 
dual AND/OR 
gate 
14 
SSI 
177 


HC/HCT86 
quad 2-input 
EXCLUSIVE-OR 
gate 
14 
SSI 
207 
HC/HCT4075 
triple 3-input OR gate 
14 
SSI 
961 


Invertors/buffers/line 
drivers/level 
shlfters 


HC/HCT04 
hex invertor 
14 
SSI 
121 
HCU04 
hex invertor 
(unbuffered) 
14 
SSI 
125 
HC/HCT125' 
quad driver/line 
driver; 3-state; 
output 
14 
MSI 
243 


enable active LOW 


HC/HCT126' 
quad driver/line 
driver; 3-state; 
output 
14 
MSI 
249 
enable active HIGH 


HC/HCT240' 
octal buffer/line 
driver; 3-state; 
20 
MSI 
485 


inverting 


HC/HCT241, 
octal line driver; 3-state; output 
20 
MSI 
491 
enable active LOW or HIGH 


HC/HCT244' 
octal line driver; 3-state; output 
20 
MSI 
509 
enable active LOW 


HC/HCT365' 
hex buffer/line 
driver; 3-state 
16 
MSI 
603 


HC/HCT366' 
hex bufferliine 
driver; 3-state; 
16 
MSI 
607 


inverting 


HC/HCT36r 
hex buffer/line 
driver; 3-state 
16 
MSI 
611 


HC/HCT368- 
hex buffer/line 
driver; 3-state; 
16 
MSI 
615 


inverting 


HIGH SPEED CMOS 
LOGIC FAMILY 


FUNCTIONAL 
INDEX 


type no. 
description 
pins 
classification 
page 


HC/HCT540· 
octal bullerlline 
driver; 3-state; 
20 
MSI 
669 
inverting 


HC/HCT541· 
octal bullerlline 
driver; 3-state 
20 
MSI 
675 


HC4049 
hex inverting 
HIGH-to-LOW 
level 
16 
SSI 
865 
shilter 


HC4050 
hex HIGH-to-LOW 
level shifter 
16 
SSI 
871 


HC/HCT7540· 
octal Schmitt trigger 
bullerlline 
driver; 
20 
MSI 
1269 


3-state; inverting 


HC/HCT7541· 
octal Schmitt trigger 
bullerlline 
driver; 
20 
MSI 
1275 
3-state 


FIip- flops/latches/regi 
sters 


HC/HCT73 
dual JK f1ilJ"lIop with reset; 
14 
FF 
181 
negative-edge 
trigger; supply on 


centre pins 


HC/HCT74 
dual D-type lIilJ"lIop with set and 
14 
FF 
187 


reset; positive-edge 
trigger 


HC/HCT75 
quad bistable 
transparent 
latch 
16 
SSI 
193 


HC/HCT107 
dual JK f1ilJ"lIop with reset; 
14 
FF 
217 
negative-edge 
trigger 


HC/HCT109 
dual JK f1ilJ"lIop with set and reset; 
16 
FF 
223 


positive-edge 
trigger 


HC/HCT112 
dual JK f1ilJ"lIop with reset; 
16 
FF 
229 


negative-edge 
trigger 


HC/HCT173· 
dual D-type IIilJ"flop; positive-edge 
16 
MSI 
369 


trigger; 3-state 


HC/HCT174 
hex D-type flilJ"flop with reset; 
16 
MSI 
375 
positive-edge 
trigger 


HC/HCT175 
quad D-type f1ip-llop with reset; 
16 
MSI 
381 


positive-edge 
trigger 


HC/HCT259 
8-bit addressable 
latch 
16 
MSI 
545 


HC/HCT273 
octal D-type flip-flop with reset; 
20 
MSI 
551 


positive-edge 
trigger 


HC/HCT373· 
octal D-type transparent 
latch; 3-state 
20 
MSI 
619 


HC/HCT374· 
octal D-type flip-flop; 
positive edge 
20 
MSI 
625 


trigger; 3-state 


HC/HCT377 
octal D-type flip-flop 
with data 
20 
MSI 
631 


enable; positive-edge 
trigger 


HC/HCT533· 
octal D-type transparent 
latch; 
20 
MSI 
657 
3-state inverting 


HC/HCT534· 
octal O-type flip-flop; 
positive-edge 
20 
MSI 
663 
trigger; 3-state; 
inverting 


HC/HCT563· 
octal D-type transparent 
latch; 
20 
MSI 
681 
3-state; inverting; 
bus oriented pin-out 
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HIGH SPEED CMOS 
LOGIC FAMILY 


FUNCTIONAL 
INDEX 


type no. 
description 
pins 
classification 
page 


HC/HCT554' 
octal D-type flip-flop; 
positive-edge 
20 
MSI 
587 


trigger; 
3-state; 
inverting; 
bus 
oriented 
pin-out 


HC/HCT573' 
octal D-type transparent 
latch; 
20 
MSI 
593 
3-state; 
bus oriented 
pin-out 


HC/HCT574' 
octal D-type flip-flop; 
positive-edge 
20 
MSI 
599 


trigger; 3-state; 
bus oriented 
pin-out 


HC/HCT570' 
4 x 4 register 
file; 3-state 
15 
MSI 
777 


HC/HCT7030 
9-bit x 54-word 
FIFO register; 
3-state 
28 
LSI 
1141 


HC/HCT 40105 
4-bit x 15-word 
FIFO register; 
3-state 
15 
MSI 
1383 


HC/HCT7403 
4-bit x 54-word 
FIFO register; 
3-state 
15 
LSI 
1213 


HC/HCT7404 
5-bit x 54-word 
FIFO register; 
3-state 
18/20 
LSI 
1241 


Shift registers 


HC/HCT154 
8-bit serial in/parallel-out 
shift register 
14 
MSI 
351 


HC/HCT155 
8-bit serial in/parallel-out 
shift register 
15 
MSI 
357 


HC/HCT155 
8-bit serial in/parallel-out 
shift 
15 
MSI 
353 
register 


HC/HCT194 
4-bit bi-directional 
universal 
shift 
15 
MSI 
445 


register 


HC/HCT195 
4-bit parallel access shift register 
15 
MSI 
453 


HC/HCT299' 
8-bit universal 
shift register; 
3-state 
20 
MSI 
577 


HC/HCT594 
8-bit shift register with output 
register 
15 
MSI 
711 


HC/HCT595 
8-bit serial-in/serial-or 
parallel-out 
15 
MSI 
721 
shift register with output latches; 
3-state 


HC/HCT597 
8-bit shift register with input flip-flops 
15 
MSI 
733 


HC/HCT4015 
dual 4-bit serial-in/parallel-out 
shift 
15 
MSI 
793 
register 


HC/HCT4094 
8-stage 
shift-and-store 
bus register 
15 
MSI 
955 


HCIHCT7597 
8-bit shift register with input latches 
15 
MSI 
1281 


HC/HCT7731 
quad 54-bit static shift register 
15 
LSI 
1291 


HC/HCT 40104' 
4-bit bi-directional 
universal 
shift 
15 
MSI 
1377 


register; 
3-state 


Arithmetic 
circuits 


HC/HCT85 
4-bit magnitude 
comparator 
15 
MSI 
199 


HC/HCT181 
4-bit arithmetic 
unit 
24 
MSI 
387 


HC/HCT182 
look-ahead 
carry generator 
15 
MSI 
401 


HC/HCT280 
9-bit odd/even 
parity 
14 
MSI 
557 
generator/checker 


HC/HCT283 
4-bit binary full adder with fast carry 
15 
MSI 
553 


HC/HCT583 
4-bit BCD full adder with fast carry 
15 
MSI 
705 
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type no. 
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pins 
classification 
page 


HC/HCT688 
8-bit magnitude 
comparator 
20 
MSI 
783 


HC/HCT7080 
16-tlit odd/even 
parity 
20 
MSI 
1189 


generator/checker 


Counters 


HC/HCT93 
4-bit binary ripple counter 
14 
MSI 
211 


HC/HCT160 
preseltable 
synchronous 
BCD 
16 
MSI 
321 


decade counter; 
assynchronous 
reset 


HC/HCT161 
preseltable 
synchronous 
4-bit binary 
16 
MSI 
329 
counter; 
assynchronous 
reset 


HC/HCT162 
preseltable 
synchronous 
BCD 
16 
MSI 
335 
decade counter; 
synchronous 
reset 


HC/HCT163 
preseltable 
synchronous 
4-bit binary 
16 
MSI 
343 
counter; 
synchronous 
reset 


HC/HCT190 
preseltable 
synchronous 
BCD 
16 
MSI 
409 


decade 
up/down 
counter 


HC/HCT191 
preseltable 
synchronous 
4-bit binary 
16 
MSI 
419 


up/clown counter 


HC/HCT192 
preseltable 
synchronous 
BCD 
16 
MSI 
429 


decade 
up/down 
counter 


HC/HCT193 
preseltable 
synchronous 
4-bit binary 
16 
MSI 
437 


up/clown counter 


HC/HCT390 
dual decade 
ripple counter 
16 
MSI 
637 


HC/HCT393 
dual 4-bit binary ripple counter 
14 
MSI 
643 


HC/HCT4017 
Johnson 
decade 
counter with 10 
16 
MSI 
811 
decoded 
outputs 


HC/HCT4020 
14-stage binary ripple counter 
16 
MSI 
819 


HC/HCT4024 
7-stage binary ripple counter 
14 
MSI 
825 


HC/HCT4040 
12-stage 
binary ripple counter 
16 
MSI 
831 


HC/HCT4059 
programmable 
divide-by-n 
counter 
24 
MSI 
915 


HC/HCT4060 
14-stage 
binary ripple counter with 
16 
MSI 
925 
oscillator 


HC/HCT4510 
BCD up-down 
counter 
16 
MSI 
1027 


HC/HCT4516 
binary up/down 
counter 
16 
MSI 
1059 


HC/HCT4518 
dual synchronous 
BCD counter 
16 
MSI 
1069 


HC/HCT4520 
dual synchronous 
4-bit binary counter 
16 
MSI 
1075 


HC/HCT6323A 
programmable 
ripple counter with 
8 
MSI 
1123 


oscillator; 
3-state 


HC/HCT40102 
8-stage synchronous 
BCD down 
16 
MSI 
1359 
counter 


HC/HCT40103 
8-bit synchronous 
down counter 
16 
MSI 
1367 


HIGH SPEED CMOS 
LOGIC FAMILY 


type no. 
description 
pins 
classification 
page 


Multiplexers 


HC/HCT151 
a-input rnultiolexer 
16 
MSI 
291 


HC/HCT153 
dual 4-input multiplexer 
16 
MSI 
297 


HC/HCT157 
quad 2-input multiplexer 
16 
MSI 
309 


HC/HCT158 
quad 2-input multiplexer; 
inverting 
16 
MSI 
315 


HC/HCT251 
8-input multiplexers; 
3-state 
16 
MSI 
521 


HC/HCT253' 
dual 4-input multiplexer; 
3-state 
16 
MSI 
527 


HC/HCT25r 
quad 2-input multiplexer; 
3-state 
16 
MSI 
533 


HC/HCT258 
quad 2-input multiplexer; 
3-state; 
16 
MSI 
539 
inverting 


HC/HCT354' 
8-input multiplexer/register 
with 
20 
MSI 
585 
transparent 
latches; 
3-state 


HC/HCT356' 
8-input multiplexer/register; 
3-state 
20 
MSI 
595 


Decoders/demu 
Itiplexers 


HC/HCT42 
BCD to decimal 
decoder 
(1-of-1 0) 
16 
MSI 
173 


HC/HCT137 
3-t0-8 line decoder/demultiplexer 
with 
16 
MSI 
267 
address latches 


HC/HCT138 
3-t0-8 line decoder/demultiplexer; 
16 
MSI 
275 
inverting 


HC/HCT139 
dual 2-t0-4 line decoder/demultiplexer 
16 
MSI 
281 


HC/HCT147 
10-to-4 line priority encoder 
16 
MSI 
287 


HC/HCT154 
4-to-16 line decoder/demultiplexer 
24 
MSI 
303 


HC/HCT237 
3-t0-8 line decoder/demultiplexer 
with 
16 
MSI 
471 
address latches 


HC/HCT238 
3-t0-8 line decoder/demultiplexer 
16 
MSI 
479 


HC/HCT4511 
BCD to 7-segment 
16 
MSI 
1037 
latch/decoder/driver 


HC/HCT4514 
4-to-16 line decoder/multiplexer 
with 
24 
MSI 
1045 


input latches 


HC/HCT4515 
4-to-16 line decoder/demultiplexer 
24 
MSI 
1053 
with input latches; inverting 


HC/HCT4543 
BCD to 7-segment 
16 
MSI 
1091 


latch/decoder/driver 
for LCDs 


Switchesl 
mu Iti plexersldem 
ultip lexers 


HC/HCT4016 
quad bilateral switches 
14 
SSI 
799 


(uncompensated 
switches) 


HC/HCT4051 
8-channel 
analog 
16 
MSI 
877 
multiplexer/demultiplexer 


HC/HCT4052 
dual 4-channel 
analog 
16 
MSI 
889 
multiplexer/ demultiple xer 


HC/HCT4053 
triple 2-channel 
analog 
16 
MSI 
901 
multiplexer/demultiplexer 
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HC/HCT4066 
quad bilateral 
switches 
14 
SSI 
935 


HC/HCT4067 
16-channel 
analog 
24 
MSI 
947 


multiplex er/ demu Itiplexer 


HC/HCT4316 
quad bilateral 
switches 
with separate 
16 
MSI 
971 


analog ground 


HC/HCT4351 
8-channel 
analog 
20 
MSI 
985 


multiplexer/demultiplexer 
with latch 


HC/HCT4352 
dual 4-channel 
analog 
20 
MSI 
999 


multiplexer/demultiplexer 
with latch 


HC/HCT4353 
triple 2-channel 
analog 
20 
MSI 
1013 


multiplexer/demultiplexer 
with latch 


Bus transceivers 


HC/HCT242' 
quad bus transceiver; 
3-state; 
14 
MSI 
497 


inverting 


HC/HCT243' 
quad bus transceiver; 
3-state 
14 
MSI 
503 


HC/HCT245' 
octal bus transceiver; 
3-state 
20 
MSI 
515 


HC/HCT640' 
octal bus transceiver; 
3-state; 
20 
MSI 
741 
inverting 


HC/HCT643' 
octal bus transceiver; 
3-state; 
20 
MSI 
747 


true/inverting 


HC/HCT646' 
octal bus transceiver/register; 
3-state 
24 
MSI 
753 


HC/HCT648' 
octal bus transceiver/register; 
24 
MSI 
761 


3-state; inverting 


HC/HCT652 
octal bus transceiver/register; 
3-state 
24 
MSI 
769 


HC/HCT7245' 
octal Schmitt-trigger 
transceiver; 
20 
MSI 
1205 
3-state 


Schmitt 
triggers 


HC/HCT14 
hex inverting 
Schmitt trigger 
14 
SSI 
145 


HC/HCT132 
quad 2-input 
NAND Schmitt trigger 
14 
SSI 
255 


HC7014 
hex non-inverting 
precision 
14 
SSI 
1137 
Schmitt-trigger 


HC/HCT7132 
quad preciscion 
adjustable 
14 
MSI 
1195 
Schmitt-trigger/comparator 
with 


output latches; 
3-state 


HC/HCT9014 
nine wide Schmitt trigger 
buffer/line 
20 
MSI 
1299 
driver; inverting 


HC/HCT9015 
nine wide Schmitt trigger 
buffer/line 
20 
MSI 
1305 
driver 


HC/HCT9114 
nine wide Schmitt trigger 
buffer; open 
20 
MSI 
1347 
drain output; 
inverting 


HC/HCT9115 
nine wide Schmitt trigger 
buffer; open 
20 
MSI 
1353 
drain output 


HIGH SPEED CMOS 
LOGIC FAMILY 


type no. 
description 
pins 
classification 
page 


One-shot 
multi vibrators 


HC/HCT123 
dual retriggerable 
monostable 
16 
MSI 
235 


multivibrator 
with reset 


HC/HCT221 
dual non-retriggerable 
monostable 
16 
MSI 
459 


multivibrator 
with reset 


HC/HCT423 
dual retriggerable 
monostable 
16 
MSI 
649 


multivibrator 
with reset 


HC/HCT4538 
dual retnggerable 
precision 
16 
MSI 
1081 


monostable 
multivibrator 


HC/HCT5555 
programmable 
delay timer with 
16 
MSI 
1101 
oscillator 


Miscellaneous 


HC/HCT297 
digital phase-locked-loop 
filter 
16 
MSI 
569 


HC/HCT4046A 
phase-locked-loop 
with VCO 
16 
MSI 
837 


HC/HCT7046A 
phase-locked-loop 
with lock detector 
16 
MSI 
1159 


HC/HCT9046A 
PLL with bandgap 
controlled 
VCO 
16 
MSI 
1311 


Note 
. 
Types with a bus-driver 
output stage . 


HIGH SPEED CMOS 
LOGIC FAMILY 


NUMERICAL 
INDEX 


type no. 
description 
page 


HC/HCTOO 
quad 2-input NAND gate 
107 


HC/HCT02 
quad 2-input NOR gate 
111 


HC/HCT03 
quad 2-input NAND gate (with open collector 
outputs) 
115 


HC/HCT04 
hex invertor 
121 


HCU04 
hex invertor 
(unbuffered) 
125 


HC/HCT08 
quad 2-input AND gate 
133 


HC/HCT10 
triple 3-input 
NAND gate 
137 


HC/HCTll 
triple 3-input AND gate 
141 


HC/HCT14 
hex inverting 
Schmitt trigger 
145 


HC/HCT20 
dual 4-input 
NAND gate 
153 


HC/HCT2l 
dual 4-input AND gate 
157 


HC/HCT27 
triple 3-input 
NOR gate 
161 


HC/HCT30 
8-input 
NAND gate 
165 


HC/HCT32 
quad 2-input OR gate 
169 


HC/HCT42 
BCD to decimal 
decoder 
(l-of-l 
0) 
173 


HC58 
dual AND/OR 
gate 
177 


HC/HCT73 
dual JK flip-flop with reset; negative-edge 
trigger; 
181 
supply on centre pins 


HC/HCT74 
dual D-type flip-flop with set and reset; positive-edge 
187 


trigger 


HC/HCT75 
quad bistable transparent 
latch 
193 


HC/HCT85 
4-bit magnitude 
comparator 
199 


HC/HCT86 
quad 2-input 
EXCLUSIVE-OR 
gate 
207 


HC/HCT93 
4-bit binary ripple counter 
211 


HC/HCT107 
dual JK flip-flop with reset; negative-edge 
trigger 
217 


HC/HCT109 
dual JK flip-flop with set and reset; positive-edge 
trigger 
223 


HC/HCT112 
dual JK flip-flop with reset; negative-edge 
trigger 
229 


HC/HCT123 
dual retriggerable 
monostable 
multivibrator 
with reset 
235 


HC/HCT125· 
quad driver/line 
driver; 3-state; 
output enable active 
243 


LOW 


HC/HCT126· 
quad driver/line 
driver; 3-state; 
output enable active 
249 


HIGH 


HC/HCT132 
quad 2-input NAND Schmitt trigger 
255 


HC/HCT133 
13-input 
NAND gate 
263 


HC/HCT137 
3-to-8 line decoder/demultiplexer 
with address latches 
267 


HC/HCT138 
3-to-8 line decoder/demultiplexer; 
inverting 
275 


HC/HCT139 
dual 2-to-4 line decoder/demultiplexer 
281 


HC/HCT147 
10-to-4 line priority encoder 
287 


HC/HCT151 
8-inoUl multiplexer 
291 


HC/HCT153 
dual 4-input multiplexer 
297 
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HIGH SPEED CMOS 
LOGIC FAMILY 


type no. 
description 
page 


HC/HCT154 
4-to-16 
line decoder/demultiplexer 
303 


HC/HCT157 
quad 2-input multiplexer 
309 


HC/HCT158 
quad 2-input multiplexer; 
inverting 
315 


HC/HCT160 
presettable 
synchronous 
BCD decade counter; 
321 


assynchronous 
reset 


HC/HCT161 
presettable 
synchronous 
4-bit binary counter; 
329 
assynchronous 
reset 


HC/HCT162 
presettable 
synchronous 
BCD decade counter; 
335 
synchronous 
reset 


HC/HCT163 
presettable 
synchronous 
4-bit binary counter; 
343 
synchronous 
reset 


HC/HCT164 
8-bit serial in/parallel-out 
shift register 
351 


HC/HCT165 
8-bit serial in/parallel-out 
shift register 
357 


HC/HCT166 
8-bit serial in/parallel-out 
shift register 
363 


HC/HCT173' 
dual D-type flip-flop; 
positive-edge 
trigger; 3-state 
369 


HC/HCT174 
hex D-type flip-flop with reset; poSitive-edge trigger 
375 


HC/HCT175 
quad D-type flip-flop with reset; positive-edge 
trigger 
381 


HC/HCT181 
4-bit arithmetic 
unit 
387 


HC/HCT182 
look-ahead 
carry generator 
401 


HC/HCT190 
presettable 
synchronous 
BCD decade up/down 
counter 
409 


HC/HCT191 
presettable 
synchronous 
4-bit binary up/down counter 
419 


HC/HCT192 
presettable 
synchronous 
BCD decade up/down counter 
429 


HC/HCT193 
presettable 
synchronous 
4-bit binary up/down counter 
437 


HC/HCT194 
4-bit bi-directional 
universal 
shift register 
445 


HC/HCT195 
4-bit parallel access shift register 
453 


HC/HCT221 
dual non-retriggerable 
monostable 
multivibrator 
with 
459 
reset 


HC/HCT237 
3-to-8 line decoder/demultiplexer 
'tilth address latches 
471 


HC/HCT238 
3-to-8 line decoder/demultiplexer 
479 


HC/HCT240' 
octal bufferlline 
driver; 3-state; inverting 
485 


HC/HCT241' 
octal line driver; 3-state; output enable active LOW or 
491 


HIGH 


HC/HCT242' 
quad bus transceiver; 
3-state; 
inverting 
497 


HC/HCT243' 
quad bus transceiver; 
3-state 
503 


HC/HCT244' 
octal line driver; 3-state; output enaole active LOW 
509 


HC/HCT245' 
octal bus transceiver; 
3-state 
515 


HC/HCT251 
8-input multiplexers; 
3-state 
521 


HC/HCT253' 
dual 4-input multiplexer; 
3-state 
527 


HC/HCT25r 
quad 2-input multiplexer; 
3-state 
533 


HC/HCT258 
quad 2-input multiplexer; 
3-state; Imerting 
539 


HC/HCT259 
8-bit addressable 
latch 
545 
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LOGIC FAMILY 


type no. 
description 
page 


HC/HCT273 
octal D-type flip-flop with reset; positive-edge 
trigger 
551 


HC/HCT280 
9-bit odd/even 
parity generator/checker 
557 


HC/HCT283 
4-bit binary full adder with fast carry 
563 


HC/HCT297 
digital phase-locked-loop 
filter 
569 


HC/HCT299· 
8-bit universal 
shift register; 
3-state 
577 


HC/HCT354· 
8-input multiplexer/register 
with transparent 
latches; 
585 


3-state 


HC/HCT356· 
8-input multiplexer/register; 
3-state 
595 


HC/HCT365· 
hex bufferlline 
driver; 3-state 
603 


HC/HCT366· 
hex buffer/line 
driver; 3-state; inverting 
607 


HC/HCT36r 
hex buffer/line 
driver; 3-state 
611 


HC/HCT368· 
hex buffer/line 
driver; 3-state; 
inverting 
615 


HC/HCT373· 
octal D-type transparent 
latch; 3-state 
619 


HC/HCT374· 
octal D-type flip-flop; 
positive-edge 
trigger; 3-state 
625 


HC/HCT377 
octal D-type flip-flop with data enable; positive-edge 
631 


trigger 


HC/HCT390 
dual decade 
ripple counter 
637 


HC/HCT393 
dual 4-bit binary ripple counter 
643 


HC/HCT423 
dual retriggerable 
monostable 
multivibrator 
with reset 
649 


HC/HCT533· 
octal D-type transparent 
latch; 3-state inverting 
657 


HC/HCT534· 
octal D-type flip-flop; 
positive-edge 
trigger; 3-state; 
663 
inverting 


HC/HCT540· 
octal buffer/line 
driver; 3-state; inverting 
669 


HC/HCT541· 
octal buffer/line 
driver; 3-state 
675 


HC/HCT563· 
octal D-type transparent 
latch; 3-state; inverting; 
bus 
681 
oriented 
pin-out 


HC/HCT564· 
octal D-type flip-flop; 
positive-edge 
trigger; 3-state; 
687 
inverting; 
bus oriented 
pin-out 


HC/HCT573· 
octal D-type transparent 
latch; 3-state; bus oriented 
693 


pin-out 


HC/HCT574· 
octal D-type flip-flop; 
positive-edge 
trigger; 3-state; bus 
699 


oriented 
pin-out 


HC/HCT583 
4-bit BCD full adder with fast carry 
705 


HC/HCT594 
8-bit shift register with output register 
711 


HC/HCT595 
8-bit serial-in/serial 
or parallel-out 
shift register with 
721 


output latches; 
3-state 


HC/HCT597 
8-bit shift register with input flip-flops 
733 


HC/HCT640· 
octal bus transceiver; 
3-state; inverting 
741 


HC/HCT643· 
octal bus transceiver; 
3-state; true/inverting 
747 


HC/HCT646· 
octal bus transceiver/register; 
3-state 
753 


HC/HCT648· 
octal bus transceiver/register; 
3-state; inverting 
761 


HC/HCT652 
octal bus transceiver/register; 
3-state 
769 
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type no. 
description 
page 


HC/HCT670' 
4 x 4 register 
file; 3-state 
777 


HC/HCT688 
8-bit magnitude 
comparator 
783 


HC/HCT4002 
dual 4-input 
NOR gate 
789 


HC/HCT4015 
dual 4-bit serial-in/parallel-out 
shift register 
793 


HC/HCT4016 
quad bilateral 
switches 
(uncompensated 
switches) 
799 


HC/HCT4017 
Johnson 
decade counter with 10 decoded outputs 
811 


HC/HCT4020 
14-stage 
binary ripple counter 
819 


HC/HCT4024 
7-stage 
binary ripple counter 
825 


HC/HCT4040 
12-stage 
binary ripple counter 
831 


HC/HCT4046A 
phase-locked-loop 
with VCO 
837 


HC4049 
hex inverting 
HIGH-to-LOW 
level shifter 
865 


HC4050 
hex HIGH-to-LOW 
level shifter 
871 


HC/HCT4051 
8-channel 
analog multiplexer/demultiplexer 
877 


HC/HCT4052 
dual 4-channel 
analog multiplexer/demultiplexer 
889 


HC/HCT4053 
triple 2-channel 
analog multiplexer/demultiplexer 
901 


HC/HCT4059 
programmable 
divide-by-n 
counter 
915 


HC/HCT4060 
14-stage 
binary ripple counter with oscillator 
925 


HC/HCT4066 
quad bilateral switches 
935 


HC/HCT4067 
16-channel 
analog multiplexer/demultiplexer 
947 


HC/HCT4075 
triple 3-input OR gate 
961 


HC/HCT4094 
8-stage 
shift-and-store 
bus register 
965 


HC/HCT4316 
quad bilateral 
switches with separate 
analog ground 
971 


HC/HCT4351 
8-channel 
analog multiplexer/demultiplexer 
with latch 
985 


HC/HCT4352 
dual 4-channel 
analog multiplexer/demultiplexer 
with 
999 
latch 


HC/HCT4353 
triple 2-channel 
analog multiplexer/demultiplexer 
with 
1013 
latch 


HC/HCT4510 
BCD up-down 
counter 
1027 


HC/HCT4511 
BCD to 7-segment 
latch/decoder/driver 
1037 


HC/HCT4514 
4-to-16 
line decoder/multiplexer 
with input latches 
1045 


HC/HCT4515 
4-to-16 
line decoder/demultiplexer 
with input latches; 
1053 


inverting 


HC/HCT4516 
binary up/down 
counter 
1059 


HC/HCT4518 
dual synchronous 
BCD counter 
1069 


HC/HCT4520 
dual synchronous 
4-bit binary counter 
1075 


HC/HCT4538 
dual retriggerable 
precision 
monostable 
multivibrator 
1081 


HC/HCT4543 
BCD to 7-segment 
latch/decoder/driver 
for LCDs 
1091 


HC/HCT5555 
programmable 
delay timer with oscillator 
1101 


HC/HCT6323A 
programmable 
ripple counter with oscillator; 
3-state 
1123 


HC/HCT7014 
hex non-inverting 
precision 
Schmitt-trigger 
1137 
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HIGH SPEED CMOS 
LOGIC FAMILY 


type no. 


HC/HCT7030 


HC/HCT7046A 


HC/HCT7080 


HC/HCT7132 


HC/HCT7245' 


HC7266 


HC/HCT7403 


HC/HCT7404 


HC/HCT7540' 


HC/HCT7541' 


HC/HCT7597 


HC/HCT7731 


HC/HCT9014 


HC/HCT9015 


HC/HCT9046A 


HC/HCT9114 


HC/HCT9115 


HC/HCT40102 


HC/HCT40103 


HC/HCT40104' 


HC/HCT40105 


Note 


• 
Types with a bus-driver 
output stage. 


description 


9-bit x 64-word 
FIFO register; 3-state 


phase-locked-loop 
with lock detector 


16-bit odd/even 
parity generator/checker 


quad preciscion 
adjustable 
Schmitt-trigger/comparator 
with output latches; 3-state 


octal Schmitt-trigger 
transceiver; 
3-state 


quad 2-input EXCLUSIVE-NOR 
gate 


4-bit x 64-word 
FIFO register; 3-state 


5-bit x 64-word 
FIFO register; 3-state 


octal Schmitt trigger buffer/line 
driver; 3-state; 
inverting 


octal Schmitt trigger buffer/line 
driver; 3-state 


8-bit shift register with input latches 


quad 64-bit static shift register 


nine wide Schmitt trigger bufferlline 
driver; inverting 


nine wide Schmitt trigger buffer/line 
driver 


PLL with bandgap 
controlled 
VCO 


nine wide Schmitt trigger buffer; open drain output; 
inverting 


nine wide Schmitt trigger buffer; open drain output 


8-stage synchronous 
BCD down counter 


8-bit synchronous 
down counter 


4-bit bi-directional 
universal 
shift register; 
3-state 


4-bit x 16-word FIFO register; 3-state 


page 


1141 
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1195 


1205 
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ORDERING 


INFORMATION 


HC 
XXXXX 
XXL 


Complete type number; standard 
temperature 
range 


Package Code: 
N 
= Plastic dual in-line 
o 
= SO package 


DB = SSOP type 
11 


NB = Plastic dual in-line with 
burn-in 


Device number (up to 5 digits) 


HC 
= CMOS input switching 
levels, 


supply voltage range 2 V to 6 V, 
fu Ily buffered 


HCT 
= TTL 
input switching 
levels, 
supply voltage range 4.5 V to 
5.5 V, fully 
buffered 


74 
= Standard temperature 
range: 
-40 °C to + 125 °C 


When ordering, please state: 
- 
the quantity 
required; 
- 
the package code (N = plastic 0 I L, 0 = plastic SO mini-pack, 
DB = SSOP type 
11); 


- 
screening class (B) if burn-in option 
is required (only applicable for NB package). 
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HCU = CMOS input switching levels; supply voltage range 
2 to 6 V; unbuffered 
(single-stage devices) 


package code: N ""plastic OIL, 
0 ". plastic mini-pack 
(SOl, 


DB" 
SSOP type 11, NB ""plastic 01 L with burn-in. 
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MARKING 


ORDERING 


INFORMATION 


Data sheet 
status 


Objective 
specification 
I This data sheet contains 
target or goal specifications 
for product development. 


Preliminary 
specification 
I This data sheet contains 
preliminary 
data; supplementary 
data may be published 
later. 


Product specification 
I This data sheet contains 
final product specifications. 


Limiting 
values 


Limiting values 
given are in accordance 
with the Absolute 
Maximum 
Rating System 
(IEC 134). Stress above one or 


more of the limiting values may cause permanent 
damage 
to the device. These are stress ratings only and 
operation 
of the device at these or at any other conditions 
above those given in the Characteristics 
sections 
of the 
specification 
is not implied. 
Exposure 
to limiting values for extended 
periods may affect device 
reliability. 


Application 
information 


Where application 
information 
is given, it is advisory 
and does not form part of the specification. 


These products 
are not designed 
for use in life support 
appliances, 
devices, 
or systems 
where malfunction 
of these 
products 
can reasonably 
be expected 
to result in personal 
injury. Philips customers 
using or selling 
these products 
for use in such applications 
do so at their own risk and agree to fully indemnify 
Philips for any damages 
resulting 


from such improper 
use or sale. 


___ 
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DEFINITIONS OF TERMS USED 
Electronic device. 


A characteristic 
is an inherent 
and measurable 
property 
of a device. 


Such 
a property 
may be electrical. 
mechanical. 
thermal, 
hydraulic, 
electro-magnetic, 
or nuclear, 
and can be expressed 
as a value for 


stated 
or recognized 
conditions. 
A characteristic 
may also be a set of 
related 
values, 
usually 
shown 
in graphical 
form. 


An electronic 
davice 
whose 
characteristics 
have the published 
nami- 


nal values 
for the type. A bogey 
electronic 
device 
for any particular 
application 
can be obtained 
by considering 
only those charactersistics 
which 
are directly 
related 
to the application. 


A value 
which 
establishes 
either 
a limiting 
capability 
or 
a limiting 


condition 
for an electronic 
device. It is determined 
for specified 
values 


of environment 
and operation, 
and may be stated in any suitable 
terms. 


Note: 
The 
rating 
system 
indicates 
the 
division 
of 
responsibility 


between 
the device 
manufacturer 
and the circuit 
designer, 
with 
the 


object 
of ensuring 
that 
the working 
conditions 
do not 
exceed 
the 


ratings. 


Absolute 
maximum 
ratings are limiting values of operating 
and environ- 


mental 
conditions 
applicable 
to any eleclronic 
device 
of a specified 


type as defined 
by its published 
data, which 
should 
not be exceeded 


under 
the worst 
probable 
conditions. 


These 
values 
are 
chosen 
by the 
device 
manufacturer 
to 
provide 


acceptable 
serviceability 
of the device, 
taking 
no responsibility 
for 


equipment 
variations, 
environmental 
variations. 
and 
the 
effects 
of 


changes 
in operating 
conditions 
due to variations 
in the characteristics 


of the device 
under consideration 
and of all other electronic 
devices 
in 


the equipment. 


The 
equipment 
manufacturer 
should 
design 
so 
that, 
initially 
and 


throughout 
life, no absolute 
maximum 
value for the intended 
service 
is 


exceeded 
with any device 
under 
the worst 
probable 
operating 
con- 


ditions 
with respect 
to supply voltage variation. 
equipment 
component 


variation. 
equipment 
control 
adjustment, 
load variations, 
signal varia- 


tion. envIronmental 
conditions. 
and variations 
in characteristics 
of the 


device 
under 
consideration 
and of all other 
electronic 
devices 
in the 


equipment. 


RATING 
SYSTEMS 


Design maximum 
ratings 
are limiting 
values of operating 
and environ- 


mental conditions 
applicable 
to a bogey 
electronic 
device 
of a speci- 


fied type as defined 
by its pUblished 
data, and should 
not be exceeded 
under the worst 
probable 
conditions. 


These 
values 
are 
chosen 
by the 
device 
manufacturer 
to 
provide 


acceptable 
serviceability 
of the device. 
taking 
responsibility 
for the 
effects 
of changes 
in operating 
conditions 
due 
to variations 
in the 
characteristics 
of the electronic 
device 
under consideration. 


The 
equipment 
manufacturer 
should 
design 
so 
that. 
initially 
and 
throughout 
life. no design 
maximum 
value for the intended 
service 
is 


exceeded 
with 
a bogey 
device 
under 
the worst 
probable 
operating 
conditions 
with respect 
to supply 
VOltage variation. 
equipment 
com- 
ponent 
variation, 
variation 
in characteristics 
of all other 
devices 
in the 
equipment, 
equipment 
control 
adjustment. 
load variation, 
signal varia- 
tion and environmental 
conditions. 


Design 
centre 
ratings 
are limiting 
values 
of operating 
and environ- 


mental conditions 
applicable 
to a bogey 
electronic 
device 
of a speci- 


fied type as defined 
by its published 
data, and should 
not be exceeded 
under normal 
conditions. 


These 
values 
are 
chosen 
by the 
device 
manufacturer 
to 
provide 


acceptable 
serviceability 
of the device 
in average 
applications, 
taking 


responsibility 
for normal changes 
in operating 
conditions 
due to rated 
supply 
voltage 
variation, 
equipment 
component 
variation. 
equipment 
control 
adjustment. 
load 
variation, 
signal 
variation, 
environmental 
conditions. 
and variations 
in Characteristics 
of all electronic 
devices. 


The equipment 
manufacturer 
should 
design 
so that, initially, no design 
centre 
value 
for 
the 
intended 
service 
is exceeded 
with 
a bogey 
electronic 
device 
in equipment 
operating 
at the stated 
normal 
supply 


voltage. 


AC characteristics 
Test conditions 
35 


Comparing 
the speed 
of HCMOS 
and 
LSTTL 
. 
35 


Propagation 
delays 
and transition 
times 
.. 
36 
Supply 
voltage 
dependence 
of propagation 
delay. 
37 


Temperature 
dependence 
of propagation 
delay. 
36 


Derating 
system 
for AC characteristics 
38 


Clock 
pulse 
requirements 
38 


System 
(parallel) 
clocking 
.. 
39 
Clock 
pulse 
considerations 
as functions 
of maximum 


frequency 
. 
39 


Minimum 
AC characteristics 
40 


Power 
dissipation 


Static 
Dynamic. 


Power 
dissipation 
capacitance 


Conditions 
for CPD tests 
. 
Additional 
power 
dissipation 
in 74HCT 
devices 


Power 
dissipation 
due to slow 
input 
rise/fall 
times 


Comparison 
with 
LSTTL 
power 
dissipation 
... 


Su pply 
voltage 


Range 
. 
. 
. 


Battery 
back-up 
. 


Power 
supply 
regulation 
and decoupling 
.. 


Input circuits 


74 HC inputs 


74HCT 
inputs 


Maximum 
input 
rise/fall 
times. 


Termination 
of unused 
inputs 


Input 
current. 


Input 
capacitance 
. 


Coupling 
of adjacent 
inputs 


Input 
voltage 
and forward 
diode 
input 
current 


Output 
circuits 


Output 
drive 


Push-pull 
outputs 


Three-state 
outputs. 


Open-drain 
outputs. 


Increased 
drive capability 
of gates 


Output 
capacitance 


Buffered 
devices 


Definition 


Output 
buffering 


Input 
buffering 


Note: 
The 
information 
in this 
user 
guide 
is intended 
as a 


design-aid 
and does 
not 
constitute 
a guarantee. 
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The 
74HC/HCT/HCU 
family 
is a comprehensive 
range 
of 
high-speed 
CMOS 
(HCMOS) 
integrated 
circuits_ 
Whilst 


retaining 
all 
the 
advantages 
of 
CMOS 
technology 
- wide 


operating 
voltage 
range, 
very 
low 
power 
consumption, 
high 


input 
noise 
immunity 
and 
wide 
operating 
temperature 


range 
- these 
circuits 
have 
the 
high-speed 
and 
drive capa- 


bilities 
of low-power 
Schottky 
TTL 
(LSTTLI. 
An extensive 


product 
range (most TTL functions 
and some devices from 


the 
successful 
HE4000B 
series: 
analog 
multiplexers, 
long 


time-constant 
multivibrators, 
phase-locked 
loops) 
and 
the 


aforementioned 
performance 
open 
new 
avenues 
in system 


design. 


For 
comparison, 
the 
key 
performance 
parameters 
of 


HCMOS 
are 
shown 
with 
those 
of 
other 
technologies 
in 
Table 
1. The 
propagation 
delay 
of metal-gate 
CMOS ruled 


out 
CMOS for 
many 
applications 
until 
the 
arrival 
of 
our 


HE4000B 
series. 
Now. 
our 
311m gate 
HCMOS 
technology 
has 
a speed 
comparable 
to 
LSTTL 
while 
retaining 
the 
important 
CMOS qualities, 
see Fig.1. 


Table 
2 
compares 
the 
operating 
characteristics 
of 
the 


74HC 
and 
74HCT 
IC types 
with 
those 
of LSTTL 
in more 


detail. 
74HC 
and 
74HCT 
devices 
are ideal 
for use in new 
equipment 
designs 
and, 
as alternatives 
to TTL 
devices, 
in 
existing 
designs. 
The 
74HCT 
circuits 
which 
are 
direct 
replacements 
for LSTTL 
circuits 
also enhance 
performance 


in many 
respects. 
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Fig. 1 Propagation 
delay 
as a function 
of load capa- 


tance; 
VCC = 5 V, Tamb 
= 25 ·C. 
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HCMOS 
metal gate 
standard 
low-power 
Schottky 
advanced 
advanced 
Fairchild 
CMOS 
TTL 
Schottky 
TTL 
low-power 
Schottky 
advanced 
TTL 
SChottky 
TTL 
Schottky 


TTL 
TTL 


parameters 
~amilY 
74HC 
4000 
74 
74LS 
745 
74ALS 
74AS 
74F 


CO 
HE 


Power 
dissipation, 
typo 
(mW) 
0.00000251 
static 
0.001 
10 
2 
19 
1.2 
8.5 
5.5 
Gate 
dynamic 
@ 100 
kHz 
0.075 
0.1 
10 
2 
19 
1.2 
8.5 
5.5 


static 
0.000005 
0.001 
300 
100 
500 
60 
- 
190 
Counter 
dynamic@ 
100 
kHz 
0.125 
0.120 
300 
100 
500 
60 
- 
190 


Propagation 
delay 
(n5) 


typical 
8 
94 
40 
10 
9.5 
3 
4 
1.5 
3 


Gate 
maximum 
14 
190 
80 
20 
15 
5 
7 
2.5 
4 


Delay/power 
product 
(pJ) 


Gate 
at 
100 
kHz 
0.52 
9 
4 
100 
19 
57 
4.8 
13 
16.5 


Maximum 
clock 
frequency 
(MHz) 


typical 
55 
4 
12 
25 
33 
100 
60 
160 
125 


Ootype 
flip-flop 


minimum 
30 
2 
6 
15 
25 
75 
40 
- 
100 


typical 
45 
2 
6 
32 
32 
70 
45 
- 
125 
Counter 
minImum 
25 
1 
3 
25 
25 
40 
- 
- 
100 


Output 
drive 
(mAl 


standard 
outputs 
4 
0.51 
0.8 
16 
8 
20 
8 
20 
20 


bus outputs 
6 
1.6 
48 
24 
64 
24 
48 
64 


Fan-out 
(LS-loads) 


standard 
outputs 
10 
1 
2 
40 
20 
50 
20 
50 
50 


bus outputs 
15 
4 
120 
60 
160 
60 
120 
160 
---- 


___ 
J 


T 


74HCXXX 
(note 1) 


I 74HCTXXX 


Max. quiescent power dissipation over temp. range at V CCmax 


per gate (mW) 
per flip-flop 
(mW) 
per 4·stage counter 
(mW) 
per transceiver/buffer 
(mW) 
Max. dynamic power dissipation 
(CL ; 50 pF) 
at fi (MHz) 
per gate (mW) 
perflip·flop 
(mW) 


per 4·stage counter 
(mW) 


per buffer/transceiver 
(mW) 
Operating supply voltage (V) 


0.027 
0.11 
0.44 


0.055 


0.1 
1 
10 
0.25 
2.25 
22 
0.35 
2.5 
24 
0.70 
3 
27 


0.30 
2.5 
24 
2 to 6 (HCI 
4.5 to 5.5 (HCTI 
-40 
to +85 


-40 
to +125 
1.4/1.4 (HC) 
2.9/0.7 
(HCT) 
±60 mV 


0.1 to 1 
10 
6 
22 
22 
27 
175 
200 
60 
90 
4.75 to 5.25 


Input switching voltage stability 
over temp. range 


Min. output drive current at Tamb max and VCCmin (mA) 


source current 
(VOH ; 2.7 V; note 2) 
standard logic 
bus logic 
sink 
current 
standard logic (V OL ; 0.4 V) 
standard logic (VOL; 
0.5 V) 
bus logic (VOL; 
0.4 V) 
bus logic (V OL ; 0.5 V) 


Typ. output 
transition 
time (ns) (CL ; 15 pFI 


standard logic 


tTLH 
tTHL 


bus logic 


tTLH 
tTHL 
Typ. propagation delay (ns) (CL ; 
15 pF; note 3) 


gate tpH L/tp LH 
flip·flop 
tpLH 


tpHL 


Typ. clock rate of a flip-flop; 
note 5 (MHz) 
Max. input current 
(fJA) 
IlL 
IIH 


3-state output 
leakage current 
I± fJAI 
Reiiabi lity (%/1000 h at 60% confidence level) 


-0.4 
-2.6 


8/11 
15 
22 
33 


-1 
1 
5 
0.0005 


-400 
to -800 
40 
20 
0.008 (note 4) 


Notes 


1. Data valid for HCMOS between _40°C 
and +85 °c. 


2. VOH for a few LSTTL bus outputs is specified as 2.4 V. 
3. Refer to data sheets for the effect of capacitive loading. 


4. RADC report. 


5. Measured with 
a 50% duty factor for HCMOS. 
For LSTTL, 
per industry 
convention, 
the maximum 
clock frequency 
is 
specified with 
no constraints on rise and fall times, pulse width 
or duty factor. 
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Our 
HCMOS 
family 
is a result 
of a continuing 
development 


programme 
to 
enhance 
the 
proven 
polysilicon-gate 
CMOS 


process. 
Figure 
2 shows 
the 
construction 
of a basic 
inverter 


from 
the 
HE4000B 
series 
and its HCMOS 
successor. 


The 
polysilicon 
gate 
of a HCMOS 
transistor 
is deposited 


over 
a thin 
gate 
oxide 
before 
the 
source 
and 
drain 
dif- 


fusions 
are 
defined. 
Source 
and 
drain 
regions 
are 
formed 


using 
ion 
implantation, 
with 
the 
polysilicon 
gates 
acting 
as 
masks 
for 
the 
implantation. 
The 
source 
and 
drain 
are 


automatically 
aligned 
to the gate, 
minimizing 
gate-to'source 


and 
gate-to-drain 
capacitances. 
In 
addition, 
the 
junction 


capacitances, 
which 
are 
proportional 
to the 
junction 
area, 


are 
reduced 
because 
of the shallower 
diffusions. 
Figure 
3(c) 


shows 
the parasitic 
capacitances 
in a CMOS 
inverter. 


In a metal-gate 
CMOS 
transistor, 
the 
source 
and 
drain 


are 
formed 
before 
the 
gate 
is deposited. 
Moreover, 
the 


metal 
gate 
must 
overlap 
the 
source 
and 
drain 
to allow 
for 


alignment 
tolerances. 
This 
is 
why 
a 
metal-gate 
CMOS 


transistor 
has a higher 
overlap 
capacitance 
than 
an HCMOS 


transistor. 
Furthermore, 
the deeper 
diffusions 
of metal-gate 


CMOS 
make 
the junction 
capacitance 
larger. 


In 
a silicon-gate 
MOS 
transistor, 
there 
are 
three 
inter- 


connect 
layers 
(diffusion, 
polysilicon 
and 
metal) 
instead 
of 


the 
two 
layers 
(diffusion 
and 
metal) 
in a metal-gate 
MOS 


transistor. 
This 
makes 
a silicon-gate 
MOS 
transistor 
more 


compact. 
The 
shorter 
gate 
length 
means 
higher 
drive 


capability, 
which 
in 
turn 
increases 
the 
speed 
at which 
a 


silicon-gate 
MOS transistor 
can charge 
or discharge 
junction 


capacitance. 
The 
drain 
current 
of a saturated 
MOS transis- 


tor which 
determines 
the speed 
of the transistor 
is: 


-(3 
gate width 
2 


IOS = - 
x ---- 
x (gate voltage 
- threshold 
voltage 
1 
2 
gate 
length 


where 
(3 is the 
current 
gain 
factor 
which 
is proportional 
to 


the thickness 
of the oxide 
layer. 


The threshold 
voltage 
is typically 
0.7 V for HCMOS. 
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Test conditions 


The 
propagation 
delays 
and transition 
times 
specified 
in the 


HCMOS 
data 
sheets 
are 
guaranteed 
when 
the 
circuits 
are 


tested 
according 
to 
the 
conditions 
stated 
in the 
chapter 


'Fami 
Iy 
Characteristics', 
section 
'F ami Iy 
Specificati 
ons', 


For 
some 
circuits 
such 
as counters 
and 
flip-flops, 
the 
test 


conditions 
are 
defined 
further 
by 
the 
a.c. 
set-up 
require· 


ments 
specified 
in the data 
sheet, 


Values 
given 
in the 
data 
sheets 
are 
for the 
whole 
oper- 


ating 
temperature 
range 
(-40 
to 
+125°C) 
and 
the 
supply 


voltages 
used 
are 2.0 V, 4.5 V and 
6,0 V for 
74HC 
devices, 


and 
4.5 V for 
74HCT 
devices. 
This is a much 
tougher 
speci- 


fication 
than 
that 
commonly 
used 
fol' 
LSTTL, 
where 
the 


characteristics 
are usually 
only 
specified 
at 25°C 
and 
for a 


5 V supply. 
Furthermore, 
the 
published 
a,c. 
characteristics 


of 
HCMOS 
are 
guaranteed 
for 
a capacitive 
test 
load 
of 


50 pF, 
a more 
realistic 
load 
than 
the 
15 pF 
specified 
for 


LSTTL 
and 
one 
that 
loads 
the 
device 
as the output 
switch- 


es, The 
published 
values 
for HCMOS 
are therefore 
represen- 


tative 
of those 
measured 
in actual 
systems, 


Comparing the speed of HCMOS and LSTTL 


A 
feature 
of 
a 
HCMOS 
circuit 
is its 
speed 
- in 
general, 


comparable 
to that 
of its LSTTL 
equivalent. 
Owing 
to 
the 


different 
(more 
informativel 
way 
of 
specifying 
data 
for 


HCMOS 
devices, 
it will 
be useful 
to 
indicate 
how 
to com- 
pare the published 
data 
for HCMOS 
and 
LSTTL. 


For 
example, 
in an 
LSTTL 
specification, 
the 
use 
of 
a 


15 pF 
load 
instead 
of 
a 50 pF 
one 
means 
the 
maximum 


propagation 
delays 
and 
enable 
tir'les 
published 
for 
the 


LSTTL 
device 
will be up to 2.5 ns (typ, 
1.3 ns) shorter 
than 


those 
for 
the 
HCMOS 
equivalent. 
In addition, 
measuring 


at 
the 
nominal 
LSTTL 
supply 
voltage 
of 
5 V instead 
of 


4.5 V 
(HCMOS) 
red'uces 
propagation 
delays 
and 
enable 


times 
by a further 
10%, So, a 30 ns propagation 
delay 
for a 


HCMOS 
device 
is 
equivalent 
to 
a 
(30 - 2.5)0.9 
= 25 ns 


delay 
for 
an 
LSTTL 
device 
measured 
at 4.5 V and 
with 
a 
15 pF load, 


Disable 
times 
are 
measured 
under 
different 
test 
con- 


ditions 
too - for 
HCMOS 
with 
a 
50 pF, 
1 kD load, 
for 


LSTTL 
with 
a 5 pF, 
2 kD load 
or for a 45 pF, 
667 D load. 


To compare 
a HCMOS 
disable 
time 
with 
that 
for a LSTTL 


device 
with 
a 5 pF 
load, 
subtract 
4 ns from 
the 
published 


HCMOS 
disable 
time 
and 
multiply 
by 
0,9. 
To 
compare 
a 


value 
for 
a 45 pF 
load, 
subtract 
2 ns and 
multiply 
by 0.9. 


For 
example, 
a 30 ns HCMOS 
disable 
time 
is equivalent 
to 


(30 - 410,9 
= 23 ns 
for 
a 5 pF 
load 
and 
130 - 210.9 
= 25 ns 


for a 45 pF load. 


Set-up 
hold 
and 
removal 
times 
are 
not 
affected 
by 
output 
load, 
only 
by 
supply 
voltage, 
To 
compare 
a pub- 


lished 
HCMOS 
value 
with 
an 
LSTTL 
value, 
multiply 
the 
HCMOS 
value by 0.9. 
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Fig.4 
Typical 
output 
transition 
times 
as a function 


of 
load 
capacitance; 
Tamb 
= 25°C; 
for 
74HCT 
cir- 


cuits 
the data 
at VCC = 4.5 V only 
is valid, 
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Operating 
frequency 
is also 
unaffected 
by output 
load, 


but 
is affected 
by supply 
voltage. 
To compare 
a published 


HCMOS 
value 
with 
an 
LSTTL 
value, 
multiply 
the value 
for 


HCMOSat4.5Vbyl.l. 


In general, 
these 
guidelines 
apply 
both 
to 
74HC 
and 
to 


74HCT 
devices. 
For 
74HCT 
devices 
however, 
the 
propa· 


gation 
delay 
is the 
time 
for 
the 
output 
to 
reach 
1.4 V 


(compared 
with 
50%V CC for 
74HC 
devices), 
so H IGH·to- 


LOW 
output 
transition 
times 
are 
slightly 
more 
dependent 


on 
load 
and the 
LOW-to-HIGH 
transition 
times 
are slightly 


less dependent 
on load than 
the 74HC 
versions. 
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Propagation 
delays and transition 
times 


The 
symmetrical 
push-pull 
output 
structure 
of both 
74HC 


and 
74HCT 
devices 
gives 
symmetrical 
rise/fall 
times 
and 


provides 
for 
a well-balanced 
system 
design. 
Table 
3 shows 


the 
maximum 
output 
transition 
times 
for all standard 
and 


bus-d river HCMOS 
outputs. 


The 
influence 
of 
capacitive 
loading 
on 
output 
tran- 


sitions 
is shown 
in 
Fig.4; 
A good 
approximation 
of 
the 


output 
transition 
times 
can 
be calculated 
using 
the 
data 
of 


Table 
4. 


,~ .••~ 
I 


16l 


1~~L 
I 


lplH 
I 


Ins, 
121 


V CC maximum 
output 
transition 
time 
(ns) 


(V) 
Tamb=25°C 
Tamb=85°C 
Tamb= 
125°C 


standard 
2 
75 
95 
110 


output 
4.5* 
15 
19 
22 


6 
13 
16 
19 


bus-driver 
2 
60 
75 
90 


output 
4.5' 
12 
15 
18 


6 
10 
13 
15 


* 
74HC 
and 
74HCT 
devices; 
all 
other 
data 
for 
74HC 
devices 
only. 
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Table 
4: 
Typical 
output 
transition 
times 
for load capacitan· 


ces greater 
than 
the standard 
50 pF load, 
see Fig.4 


tTHL 
or tTLH 


standard 
output 
bus-driver 
output 


2.0V 


4.5V 


6.0V 


18.5 
ns + 0.32 
ns/pF 


6.6 ns + 0.12 
ns/pF 


5.6 ns + 0.10 
ns/pF 


12.5 
ns + 0.22 
ns/pF 


4.5 ns + 0.077 
ns/pF 


3.8 ns + 0.065 
ns/p F 


expected 
maximum 


typical 
value 


Fig.5 
Increase 
in 
propagation 
delay 
for 
74HC 
de· 


vices 
as a function 
of load capacitance; 
Tamb 
= 25°C. 
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A 
parameter 
specified 
for 
TTL 
devices 
is the 
output 


short-circuit 
current 
HIGH 
(IOS). 
Originally 
intended 
to 


reassure 
the 
TTL 
user 
that 
the 
device 
would 
withstand 


accidental 
grounding, 
this 
parameter 
has become 
a measure 


of 
the 
ability 
of 
the 
circuit 
to 
charge 
the 
line 
capacitance 


and 
is 
used 
to 
calculate 
propagation 
delays. 
In 
CMOS 


devices 
however, 
there 
is no 
need 
to 
specify 
10S 
because 


the 
purely 
capacitive 
loads 
allow 
extrapolation 
of the 
a.c. 


parameters 
over 
the 
whole 
loading 
range. 
Figure 
5 
(for 


74HC 
devices) 
and 
Fig.6 
Ifor 
74HCT 
devices) 
show 
the 


increase 
in propagation 
delay 
for 
loads 
greater 
than 
50 pF. 


The 
additional 
delay 
can 
be 
calculated 
from 
the 
output 
saturation 
current 
(short-circuit 
current). 
Referring 
to the 


output 
characteristics 
(Figs 33 to 361, 
the 
propagation 


delay 
is the 
time 
taken 
for the 
output 
voltage 
to reach 
50% 


Itlcrrue 


'" 
IPHl 


(ns) 
12 


j 
'j'ZrOOi 


" 
! 
i / 
/1 


expected 
maximum 


typical 
value 


Fig. 6 
Increase 
in 
propagation 
delay 
for 
74HCT 


devices 
as a function 
of 
load 
capacitance; 
the 
diffe- 


rent 
values 
for 
tpH Land 
tpLH 
are due 
to the 
asym- 
metrical 
reference 
level 
of 
1.3 V 
at 
the 
outputs; 


Tamb 
~ 25°C; 
VCC ~ 4.5 V. 


of 
VCC 
for 
74HC 
devices, 
or 
1.4 V for 
74HCT 
devices. 


Since 
a saturated 
output 
transistor 
acts as a current 
source, 


the 
additional 
delay 
is b.CV /1, where 
b.C is the 
load capaci- 


tance 
minus 
50 pF, 
V is the 
voltage 
swing 
at the 
output 
to 


the 
switching 
level of the 
next 
circuit, 
and 
I is the 
average 


source 
current 
of the saturated 
output. 


Supply voltage dependence of propagation 
delay 


The 
dynamic 
performance 
of a CMOS device 
depends 
on its 


drain 
characteristics. 
These 
are 
related 
to 
the 
switching 


thresholds 
and 
the 
gate-to-source 
voltage 
VGS 
which 
is 


equal 
to 
the 
supply 
voltage 
VCC. 
A reduction 
in 
VCC 


adversely 
affects 
the 
drain 
characteristics, 
increasing 
the 
propagation 
delays. 


Over 
the 
supply 
voltage 
range 
of 74HCT 
devices, 
4.5 V 


to 
5.5 V, 
the 
effects 
of 
different 
propagation 
delays 
on 


performance 
are 
minimal. 
Over 
the 
supply 
voltage 
range 
of 


74HC 
circuits, 
2 to 6 V, 
the 
effects 
on 
performance 
are 


significant, 
see Figs 7 and 8. 


normaliZed 
prQoag.t1on 


celaYl,rne 
I 


2 


Fig.7 
Propagation 
delay 
as 
a 
function 
of 
supply 


I 
voltage; 
Tamb 
~ 25°C; 
CL ~ 50 pF. 


Fig. 8 
Operating 
frequency 
as a function 
of 
supply 


voltage; 
Tamb 
~ 25°C; 
CL ~ 50 pF. 
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Temperature dependence of propagation 
delay 


In 
TTL 
circuits, 
13 Icurrent 
gain), 
internal 
resistances 
and 


forward-voltage 
drops 
are 
all 
temperature-dependent. 
In 


HCMOS 
circuits, 
essentially 
only 
the 
carrier 
mobility, 


which 
affects 
the 
propagation 
delay, 
is temperature 
depen- 


dent. 
In 
general, 
propagation 
delay 
increases 
by 
about 


0.3% 
per °c above 
25°C. 


Between 
25 °c and 
125°C, 


tp = tp' (1.003) 
T amb-25 


where: 


tp' 
is the 
propagation 
delay 
at 25°C, 


Tamb 
is the ambient 
temperature 
in °C. 


Between 
_40°C 
and +25 °C, 


25-T 
b 
tp = tp'10,997) 
am 


Figure 
9 shows 
the temperature 
dependence 
of a charac- 


teristic 
such 
as propagation 
delay. 


'."~----------~ 


no'm.lI~ed I 
a.c. 
parameters I 


i 
50 
100 


Tamo 
(OCI 


Fig.9 
Typical 
influence 
of temperature 
on 
AC para- 


meters; 
VCC = 5 V. 


Derating 
system 
for AC characteristics 


Because 
HCMOS 
devices 
are 
a coherent 
family, 
manufac- 


tured 
under 
strictly-controlled 
conditions, 
it is possible 
to 
have a common 
set of derating 
coefficients 
for temperature 


and 
supply 
voltage 
that 
is valid for all AC characteristics 
of 


all devices. 
Table 
5 shows 
the 
d!!rating 
coefficients 
which 


are 
derived 
from 
the 
published 
values 
of the 
AC characte- 


ristics 
at 25 Cc for 
VCC = 4.5 V, denoted 
by x in the Table. 


The 
coefficients 
have 
been 
established 
aiter 
extensive 
high- 


temperature 
testing 
at many 
supply 
voltages. 
A temperature 


coefficient 
of -O.4%fC 
was 
established 
aiter 
comparing 


the 
test 
results 
with 
worst-case 
calculations. 
The 
voltage 
derating 
given 
in 
Table 
5 
is conservative 
compared 
with 


that 
shown 
in 
Fig.7 
for 
propagation 
delay. 
For 
operating 
frequencies 
(Fig.8!. 
the 
reciprocal 
of 
the 
derating 
coef- 


ficients 
shown 
should 
be used. 


Table 
5: 
Derating 
coefficients 
for 
the 
AC 
characteristics 


of HCMOS 
devices 


supply 
ambient 
temperature 


voltage 
25°C 
85 Cc 
125 Cc 


2V 
5 (5x) 
6.25 
(5y) 
7.5 (5z) 


4.5 V' 
1 (x) 
1.25 
(y = 1.25x) 
1.5 (z = 1.5x) 


6V 
0.85 
(0.85x) 
1.0625 
(0.85y) 
1.275 
(0.85z) 


All 
coefficients 
are 
derived 
from 
the 
value 
of 
the 
AC 


characteristic 
at 
V CC = 4.5 V and 
Tamb 
= 25°C 
denoted 
in the table 
by x. 


• 
74HC 
and 
74HCT 
devices; 
all 
other 
data 
for 
74HC 


devices 
only. 


Clock 
pulse 
requirements 


All 
HCMOS 
flip-flops 
and 
counters 
contain 
master-slaves 


with 
level-sensitive 
clock 
inputs. 
When 
the 
voltage 
at 
the 


clock 
input 
reaches 
the 
voltage 
threshold 
of the device, 
data 


in 
the 
master 
(input) 
section 
is transferred 
to 
the 
slave 


(output) 
section. 
The 
threshold 
for 
74HC 
devices 
is 


typically 
50% 
of 
VCC and 
that 
for 
74HCT 
devices 
is 28% 


of 
V CC 
11.4 V at V CC = 5 V). The 
thresholds 
are virtually 
independent 
of temperature. 


The 
use of voltage 
thresholds 
for clocking 
is an improve- 


ment 
over 
a.c. coupled 
clock 
inputs, 
but 
it does 
not 
make 


the 
devices 
totally 
insensitive 
to 
clock-edge 
rates. 
When 


clocking 
occurs, 
the 
internal 
gates 
and 
output 
circuits 
of 
the 
device 
dump 
current 
to 
ground, 
producing 
a noise 


transient 
that 
is equal 
to the 
algebraic 
sum 
of the 
internal 


and 
external 
ground 
plane 
noise. 
When 
a number 
of loaded 


outputs 
change 
simultaneously, 
the device 
ground 
reference 
(and 
therefore 
the 
clock 
reference) 
can 
rise by as much 
as 


500 mV. 
If 
the 
clock 
input 
of 
a positive-edge 
triggered 


device 
is at or near to its threshold 
during 
a noise 
transient, 


multiple 
triggering 
can 
occur. 
To prevent 
this, 
the 
rise and 


fall 
times 
of 
the 
clock 
inputs 
should 
be 
less 
than 
the 
published 
maximum 
(500 ns at VCC = 4.5 V). 


In 
the 
HCMOS 
family, 
all 
the 
J-K 
flip-flops 
have 
a 


Schmitt-trigger 
circuit 
at the 
clock 
input, 
which 
eliminates 


the 
need 
to specify 
a maximum 
rise/fall 
time. 
The flip-flops 


74HC/HCT73, 
74, 
107, 
109 
and 
112 
have 
special 
Schmitt- 


trigger 
circuits 
for increased 
tolerance 
to slow 
rise/fall 
times 
and ground 
noise. 


The 
published 
maximum 
input 
clock 
frequency 
ratings 


for 
clocked 
devices 
are for a 50% 
duty 
factor 
input 
clock. 


At these 
rated 
frequencies, 
the 
outputs 
will swing 
between 


VCC and 
GN D, assuming 
no 
DC 
load 
on the outputs. 
This 


is a very 
conservative 
and 
reliable 
method 
of 
rating 
the 


___ 
J 


c1ock-input-frequency 
limits 
for 
HCMOS 
devices 
which 
are 


always 
at 
least 
as good 
as those 
for 
LSTL L even 
though 


they 
may 
appear 
to 
be 
inferior. 
This 
is because 
the 
maxi- 


mum 
operating 
frequency 
of a TTL device 
is published, 
not 


for 
a 50% 
dutY 
factor 
clock, 
but 
for 
a minimum 
clock 


pulse 
width. 


In 
synchronously-clocked 
systems, 
spreads 
in 
the 
clock 


threshold 
levels 
of 
devices 
can 
cause 
logic 
errors 
if slow 


clock 
edges 
are 
used. 
For 
example, 
if data 
in one 
circuit 


changes 
before 
the 
clock 
threshold 
of the 
next 
sequential 


circuit 
is reached, 
a logic error 
will occur, 
see Fig.10. 


FF2 


00, 


Fig. 10 
In synchronously-clocked 
systems, 
changing 


the 
data 
in 
one 
device 
before 
the 
clock 
switching 


threshold 
of 
the 
next 
has 
been 
reached 
can 
cause 


logic 
errors. 
VST1 
is the 
clock 
threshold 
of device 
1; 


VST2 
is the 
clock 
threshold 
of device 
2. 


To 
prevent 
this 
tYpe 
of logic error, 
the 
maximum 
rise or 


fall 
time 
of 
the 
clock 
pulse 
should 
be less than 
twice 
the 


propagation 
delay 
of the 
flip-flop. 


For 
a HCMOS 
device, 
the 
rise/fall 
time 
must 
be limited 


to 
1pOO, 
500 
or 
400 ns 
for 
VCC ~ 2 V, 
4.5 V 
and 
6 V 
respectively. 
If these 
times 
are exceeded, 
noise 
on the 
input 


or 
power 
supply 
rails 
may 
cause 
the 
outputs 
to 
oscillate 


during 
transitions, 
causing 
logic 
errors 
and 
excessive 
power 


dissipation. 


Clock 
pulse 
considerations 
as functions 
of 
maximum 


frequency 


The 
minimum 
input 
frequency 
is measured 
with 
a clock 


that 
has a 50% duty 
factor. 
For 
a stand-alone 
flip-flop, 
the 


following 
direct 
relationship 
exists 
between 
the 
minimum 


required 
width 
of 
the 
clock 
pulse 
tw 
LOW 
or 
tw 
HIGH 
(whichever 
is 
the 
longest) 
and 
the 
measured 
maximum 


frequency: 


If two 
or 
more 
flip-flops 
are synchronously 
clocked 
in 


parallel, 
other 
timing 
conditions 
may 
cause 
a 
lower 


maximum 
frequency 
than 
that 
which 
can 
be 
calculated 


from 
the 
pulse 
width 
measurements. 
An example 
is shown 


in Fig.11. 


1) HC:VM"'"SO,," 


VI" 
GNO to Vcc 


HCT:VM-1.3V 


Vt-GNDto3V 


1 


fmax 
= 
tp maxie? 
to Ql) + tp max(control 
rogic) + tsul02 
to CP) 


The 
measured 
minimum 
width 
(tw) of the clock 
pulse 
as 


shown 
in Fig.11 
would 
suggest 
a higher 
obtainable 
frequency 


in 
this 
example. 
This 
parallel 
clocking 
scheme 
is often 


encountered 
in counter 
circuits 
(e.g. 
'160' 
or 
'190' 
series). 


If 
the 
internal 
delays 
and 
set-up 
times 
exceed 
the 


minimum 
required 
duration 
for 
the 
clock 
pulse, 
the 


maximum 
frequency 
will 
be entirely 
determined 
by these 


internal 
delays 
and set-up 
times. 
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Cascading 
HCMOS 
counters 
in a parallel 
clocking 
scheme 


may 
also 
result 
in lower 
maximum 
frequencies 
than 
those 


given 
for 
stand-alone 
ICs. This is because 
the frequency 
will 


then 
be determined 
by 
the 
propagation 
delay 
of 
a count 


output, 
for example 
the delay 
of the 
intermediate 
logic and 


the 
set·up 
time 
between 
the 
clock 
enable 
and 
the 
count 


input 
of the succeeding 
count." 
IC. 


Minimum 
propagation 
delays 
are not 
specified 
in the 
data 


sheets. 
However, 
an increasinu 
number 
of HCMOS 
users are 


asking 
for 
minimum 
propagation 
delay 
values 
so that 
they 


can 
make 
conclusive 
data 
handling 
calculations. 
Since 
our 


test 
programs 
don't 
include 
lower 
limits 
for 
propagation 


delays, 
it's 
impossible 
for 
us to guarantee 
these 
values 
for 


the 
entire 
HCMOS 
family. 
However, 
propagation 
delays 
for 


the 
whole 
HCMOS 
family 
have 
been 
constantly 
monitored 


by 
our 
Quality 
Department 
over 
the 
past 
three 
years. 
The 


very 
small 
deviations 
from 
the 
typical 
values 
that 
were 


observed 
between 
May 1985 
and 
February 
1988 
are shown, 


together 
with 
their 
three 
sigma 
values, 
in 
Fig.12. 
The 


indicated 
mean 
value x is within 
a few 
percent 
of 
the 


published 
typical 
values. 
Users 
can 
derive 
their 
own 


minimum 
expected 
values 
from 
this 
figure 
and 
the 
typical 


propagation 
delays 
published 
in the data 
sheets. 


A conservative 
estimate 
of minimum 
propagation 
delay 


is one 
third 
of the 
typical 
value. 
For set-up 
and hold 
times, 
the guard·band 
which 
should 
be applied 
to obtain 
max.lmin. 


Iimits 
is 5 ns for 
typical 
values 
between 
the 
limits 
of -5 
ns 


and 
+5 ns. 
For 
typical 
values 
beyond 
-5 
ns and +5 ns, the 


distribution 
shown 
in Fig.12 
applies. 


I 
'.11.5 


+Jt 


lpLH/tpHL 
UP. 
rvp;eool multiplier 


Fig. 12 
Batch·to-batch 
variation 
of propagation 
delay 


(tPLH/tpHL). 


Table 
6 gives the derating 
coefficients 
for calculating 
the 


minimum 
propagation 
delays 
of 
HCMOS 
devices 
at various 


supply 
voltages 
and temperatures. 


Table 
6: 
Derating 
coefficient 
for 
the 
expected 
minimum 


propagation 
delay 
of HCMOS 
devices 


supply 
ambient 
temperature 


voltage 
25°C 
_40°C 


2V 
2 (2xj 
1.67 
(2y) 


4.5 V· 
1 (x) 
0.83 
(y ; 
0.83 
x) 


6V 
0.810.8xj 
0.66 
10.8y) 


Note: 
The 
minimum 
value 
is reached 
at the 
lowest 
possible 


temperature. 


All 
coefficients 
are 
derived 
from 
the 
value 
of 
the 
AC 


characteristic 
at 
VCC; 
4.5 V 
and 
Tamb; 
25°C 
denoted 
in the table 
by x. 


• 
74HC 
and 
74HCT 
devices; 
all 
other 
data 
for 
74HC 


devices 
only. 


When 
a HCMOS 
device 
is not 
switching, 
the 
p·channel 
and 


n-channel 
transistors 
don't 
conduct 
at the 
same 
time, 
so 


leakage 
current 
flows 
between 
VCC and GN D. Because 
this 
leakage 
current 
is typically 
a few 
nA, 
HCMOS 
power 
dissi- 


pation 
is extremely 
low. 
Static 
power 
dissipation 
can 
be 
calculated 
for 
both 


74HC 
and 
74HCT 
devices 
from 
the 
maximum 
quiescent 


current 
specified 
in the data 
sheets, 
see Table 
7. 


Table 
7: 
Maximum 
quiescent 
current 
of HCMOS 
devices 
at 


VCCmax· 
IVI ; VCC or GND; 
10; 
0) 


device 
quiescent current 
current 


complexity 
typical 
maximum 


at 25°C 
25 °c 
85°C 
125°C 


SSI 
2 nA 
21lA 
20llA 
40 IlA 


FF 
4 nA 
41lA 
40llA 
80 IlA 


MSI 
8 nA 
81lA 
80llA 
160 IlA 


LSI 
50 nA 
50llA 
500llA 
1000 
IlA 
. 6 V for 74 HC; 5.5 V for 74 HCT. 
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Dynamic 


When 
a device 
is clocked, 
power 
is dissipated 
charging 
and 


discharging 
on-chip 
parasitic 
and 
load 
capacitances. 
Power 


is also dissipated 
at the 
moment 
the 
output 
switches 
when 


both 
the 
p-channel 
and 
the 
n-channel 
transistors 
are 
par- 


tially 
conducting. 
However, 
this 
transient 
energy 
loss 
is 


typically 
only 
10% 
of 
that 
due 
to 
parasitic 
capacitance. 


The 
total 
dynamic 
power 
dissipation 
per 
device 
(PO) is: 


PO: 
CPOVCC1fi 
+ L(CL VCClfol 
(1) 


where: 


CpO 
is the power 
dissipation 
capacitance 
per package 
fi 
is the 
input 
frequency 


fo 
is the output 
frequency 


CL 
is the total 
external 
load capacitance 
per output. 


The 
second 
term 
of 
equation 
(1) 
impl ies 
summi ng 
the 


product 
of 
the 
effective 
output 
load 
capacitance 
and 
frequency 
for 
each 
output. 
However, 
a 
good 
approxi- 


mation 
of the total 
dynamic 
power 
dissipation 
of an HCMOS 


system 
can 
be 
obtained 
by 
summing 
the 
published 
CpO 


values 
and 
load 
capacitance 
for 
the 
HCMOS 
devices 
used 
and, 
assuming 
an 
average 
frequency, 
using 
equation 
(1). 


For 
one-shot 
circuits, 
gates 
configured 
as 
oscillators, 


phase-locked 
loops 
and 
devices 
used 
in 
a 
linear 
mode, 


additional 
dissipation 
is caused 
by 
static 
supply 
currents 


(ICC) 
whose 
values 
are 
given 
in the 
device 
data 
sheets. 


Power dissipation capacitance 


CpO 
is specified 
in the 
device 
data 
sheets, 
the 
published 


values 
being 
calculated 
from 
the 
results 
of tests 
described 


in 
this 
section. 
The 
test 
set-up 
is shown 
in 
Fig.13. 
The 


worst-case 
operating 
conditions 
for CpO 
are always 
chosen 


and 
the 
maximum 
number 
of internal 
and 
output 
circuits 


are 
toggled 
simultaneously, 
within 
the 
constraints 
listed 
in 


the 
data 
sheet. 
Table 
8 
gives 
the 
pin 
status 
for 
HCMOS 


devices 
during 
a CpO 
test. 
Oevices 
which 
can 
be separated 


into 
independent 
sections 
are 
measured 
per 
section, 
the 
others 
are measured 
per device. 


Fig. 13 
Test 
set-up 
for 
determining 
CpO' 
The 
input 


pulse 
is 
a 
square 
wave 
between 
VCC 
and 
GNO; 


tr : tf';; 
6 ns; 
Tamb: 
25°C. 
All 
switching 
outputs 


are loaded 
with 
50 pF (including 
test jig capacitance). 


Unused 
inputs 
are 
connected 
to 
VCC 
or 
GNO. 


The 
recommended 
test 
frequency 
for 
determining 
CpO 
is 


1 MHz, 
but 
this 
is best 
increased 
to 
10 MHz 
when 
ICC is 


low 
and 
the 
device 
quiescent 
current 
influences 
ICC(AV)' 


Loading 
the 
switched 
outputs 
gives a more 
realistic 
value 
of 


CpO' 
because 
it prevents 
transient 
'through-currents' 
in the 


output 
stages. 
Furthermore, 
automatic 
testers 
often 
intro- 


duce 
about 
30 pF to 40 pF on each device 
pin. 


The 
values 
of CpO 
in the data 
sheet 
have been 
calculated 
using: 


ldyn(device) 
CpO: 
---- 


VCCfi 


where: 


Idyn(devicel 
: 
ICC(AV) 
- 
ldyn(loadl 
and 


Idyn(load) 
: L(CL VCCfo) 
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Table 8: Pin conditions 
for Cpo tests. 


74HCI 
equiv. 
pinnumbers 
HCT 
load 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 12 13 14 15 16 17 18 19 20 21 222324 
2526 
27 28 
(pF) 


00 
50 
P 
H 
C 
[) 0 0 
G 0 
0 0 0 
0 
0 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


02 
50 
C 
P 
L 
0 
0 0 
G 
0 
0 0 0 
0 0 
V 
- 
- 
- 
- - 


03 
a 
p 
H 
B 
[) 0 0 
G 0 0 
0 0 
0 
0 
V 
- 
- 
- 
- - - 
- 
- 
- 


04 
50 
P 
C 
0 0 
0 0 
G 0 
0 0 0 0 0 
V 
- 
- 
- 
- 
- - - 
- 
- 
- 
- 
- 


U04 
50 
P 
C 
0 0 
0 0 
G 0 
0 0 0 0 0 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 


08 
50 
P 
H 
C 
[) 
0 0 
G 0 0 
0 0 
0 
0 
V 
- 
- 
- 
- 
- 
- 
- - - 


10 
50 
P 
H 
0 
[) 
0 0 
G 0 
0 
0 
0 
C 
H 
V 
- 
- 
- 
- 
- 


11 
50 
P 
H 
0 
0 
0 0 
G 0 
0 0 
0 
C 
H 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 


14 
50 
P 
C 
0 0 0 0 
G 0 
0 0 0 0 0 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 


20 
50 
P 
H 0 
H 
H 
C 
G 0 
0 0 0 
0 
0 
V 
- 
- 
- 
- 
- 
- 
- 
- - 


21 
50 
P 
H 0 
H 
H 
C 
G 0 
0 0 0 
0 
0 
V 
- 
- 
- 
- - 
- 
- 
- 
- 


27 
50 
P 
L 
0 
[) 
0 0 
G 0 0 
0 
0 
C 
L 
V 
- 
- 
- 
- 
- 


30 
50 
P 
H 
H 
H 
H 
H 
G 
C 0 0 
H 
H 0 
V 
- 
- 
- 
- 


32 
50 
P 
L 
C 
[) 
0 0 
G 0 0 
0 0 
0 
0 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


42 
100 
C 
C 0 0 0 0 0 
G 0 0 0 
L 
L 
L 
P 
V 
- 
- 
- 
- 
- 


58 
50 
P 
0 
0 
[) 
0 0 
G 0 
L 
L 
L 
H 
H 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 


73 
50 
P 
H 
H 
V 
0 
0 
0 0 0 0 
G 
C 
C 
H 


74 
50 
H 
Q 
P 
H 
C 
C 
G 0 0 0 
0 
0 
0 
V 
- 
- 
- 
- 
- 


75 
50 
C 
Q 
0 
[) 
V 
0 
0 0 0 0 0 
G 
P 0 0 
C - 
- 
- 
- 
- 
- 
- 
- 
- 
- 


85 
50 
L 
H 
P 
H 0 
C 0 
G 
L 
L 
L 
L 
L 
L 
L 
V 
- - - 
- 
- 


86 
50 
P 
L 
C 
[) 0 0 
G 0 0 0 0 0 
0 
V 
- 


93 
47 
Q 
L 
L 
[) 
V 
0 
0 
C 
C 
G 
C 
C 
0 
V 
- 
- 
- 
- 
- 
- 
- 
- 


107 
50 
H 
C 
C 
H 0 0 
G 
0 
0 
0 
0 
P 
H 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 


109 
50 
H 
H 
L 
P 
H 
C 
C 
G 0 0 0 
0 
0 0 
0 
V 
- 
- - - 
- 
- 
- 


112 
50 
P 
H 
H 
H 
C 
C 0 
G 0 0 
0 
0 
0 0 
H 
V 
- 


123 
100 
L 
H 
P 
C 0 0 0 
G 
0 
0 
0 0 
C 0 
R 
V 
- 
- 
- 
- 
- 
- 


125 
50 
L 
P 
C 
[) 0 0 
G 0 
0 
0 0 0 
0 
V 
- 
- 
- 
- - - 


126 
50 
H 
P 
C 
D 
0 0 
G 0 0 
0 0 0 
0 
V 
- 
- 
- 
- - 


132 
50 
P 
H 
C 
[) 0 0 
G 0 0 
0 0 0 
0 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


133 
50 
P 
H 
H 
H 
H 
H 
H 
G 
C 
H 
H 
H 
H 
H 
H 
V 
- 
- 
- 
- 
- 
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Table 8: Pin conditions 
for Cpo tests. 


74HCI 
equiv. 
pin numbers 


HCT 
load 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 12 13 14 15 16 17 18 1920 
21 222324 
25262728 


(pF) 


137 
100 
P 
L 
L 
L 
L 
H 0 
G 0 0 0 0 0 
C 
C 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


138 
100 
P 
L 
L 
L 
L 
H 0 
G 0 0 0 0 0 
C 
C 
V 
- 
- 
- 
- 
- 
- 


139 
100 
L 
P 
L 
C 
C 0 0 
G 0 0 0 0 
0 
0 
0 
V 
- 
- 
- 
- 


147 
50 
H 
H 
H 
H 
H 0 0 
G 
C 
H 
P 
H 
H 0 0 
V 
- 


151 
100 
0 0 
L 
H 
C 
C 
L 
G 
L 
L 
P 
0 
0 
0 
0 
V 
- 
- 
- 
- 
- 
- 
- 
- 


153 
50 
L 
L 
0 
0 
L 
H 
C 
G 0 0 
0 
0 
0 
p 
0 
V 
- 
- 
- 
- 
- 


154 
100 
C 
C 0 0 0 0 0 0 0 0 0 
G 0 0 0 0 0 
L 
L 
L 
L 
L 
P 
V 
- 
- 


157 
50 
P 
L 
H 
C 
L 
L 
0 
G 0 
L 
L 
0 
L 
L 
L 
V 
- 
- 
- 
- 
- 


158 
50 
P 
L 
H 
C 
L 
L 
0 
G 0 
L 
L 
0 
L 
L 
L 
V 
- 
- 
- 
- 


160 
55 
H 
P 
0 
0 
0 
0 
H 
G 
H 
H 
C 
C 
C 
C 
C 
V 
- 
- - - 
161 
50 
H 
P 
0 
0 
0 
0 
H 
G 
H 
H 
C 
C 
C 
C 
C 
V 
- 
- 
- 
- 


162 
55 
H 
P 
0 
0 
0 
0 
H 
G 
H 
H 
C 
C 
C 
C 
C 
V 
- 
- 
- 
- 
- 


163 
50 
H 
P 
0 
0 
0 
0 
H 
G 
H 
H 
C 
C 
C 
C 
C 
V 
- 


164 
200 
Q 
H 
C 
C 
C 
C 
G 
P 
H 
C 
C 
C 
C 
V 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


165 
50 
H 
P 
0 
0 
0 
0 
C 
G 
C 
Q 
0 
0 
0 
0 
L 
V 


166 
25 
Q 
0 
0 
0 
0 
L 
P 
G 
H 
0 
0 
0 
C 
0 
H 
V 
- 
- 
- 
- 
- 


173 
25 
L 
L 
C 0 0 0 
P 
G 
L 
L 
0 
0 
0 
Q 
L 
V 
- 
- 
- 
- 
- 


174 
25 
H 
C 
Q 
0 0 0 0 
G 
P 
0 0 0 0 
0 0 
V 
- 
- 
- 
- 
- 


175 
50 
H 
C 
C 
Q 
0 0 0 
G 
P 
0 0 0 
0 0 0 
V 
- 
- 
- 
- 
- 
181 
300 
P 
H 
H 
L 
L 
H 
H 
L 
C 
C 
C 
G 
C 
B 
C 
C 
C 
L 
H 
L 
H 
L 
H 
V 


182 
150 
H 
L 
H 
L 
H 
L 
0 
G 
C 0 
C 
C 
P 
H 
L 
V 


190 
55 
0 
C 
C 
L 
L 
C 
C 
G 
0 
0 
H 
C 
C 
p 
0 
V 
- 


191 
53 
0 
C 
C 
L 
L 
C 
C 
G 
0 
0 
H 
C 
C 
P 
0 
V 
- 
- 
- 
- 
- 


192 
55 
0 
C 
C 
H 
P 
C 
C 
G 
0 
0 
H 
C 
C 
p 
0 
V 
- 
- 
- 
- 
- 


193 
50 
0 
C 
C 
H 
P 
C 
C 
G 
0 
0 
H 
C 
C 
P 
0 
V 
- 


194 
100 
H 
Q 
0 
0 
0 
[) 
0 
G 
H 
L 
P 
C 
C 
C 
C 
V 
- 
- 
- 
- - 


HIGH SPEED CMOS 
74HC/HCT/HCU 
LOGIC FAMILY 


74HCI 
equiv. 
pin numbers 
HCT 
load 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 


(pF) 


195 
125 
H 
H 
L 
0 
0 
0 
0 
G 
H 
P 
C 
C 
C 
C 
C 
V 
- 
- 
- 
- 
- 


221 
100 
L 
H 
P 
C 0 0 0 
G 
0 
0 
0 0 
C 0 
R 
V 
- 
- 
- 
- 
- 


237 
100 
P 
L 
L 
L 
L 
H 0 
G 0 0 0 0 0 
C 
C 
V 
- 
- 
- 
- 
- 
- 
- - - 
- 


238 
100 
P 
L 
L 
L 
L 
H 0 
G 0 0 0 0 0 C 
C 
V 


240 
50 
L 
P 0 
0 0 0 0 
0 0 
G 
0 0 
0 0 0 
C 
0 
V 
- 
- 
- 
- 
- 


241 
50 
L 
P 0 
0 0 0 0 
0 0 
G 
0 0 
0 0 0 
C 
0 
V 
- 
- 
- 
- 
- 
- 


242 
50 
L 
0 
P 
0 
0 
0 
G 0 0 0 
C 0 
L 
V 
- 
- 
- 
- - - - - 


243 
50 
L 
0 
P 
0 
0 
0 
G 0 0 0 
C 0 
L 
V 
- 
- 
- 
- - 
- 
- 
- 
- 


244 
50 
L 
P 0 0 0 
0 0 
0 0 
G 
0 0 
0 0 0 
C 
0 
V 
- 
- 
- 
- 
- 


245 
50 
H 
P 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 
V 
- 
- 
- 
- 
- 
- 


251 
100 
0 
0 
L 
H 
C 
C 
L 
G 
L 
L 
P 
0 
0 
0 
0 
V 
- 


2538 
50 
L 
L 
0 
0 
L 
H 
C 
G 0 0 
0 
0 
0 
p 
0 
V 
- 
- 
- - - 


257 
50 
P 
L 
H 
C 
0 
0 0 
G 0 0 
0 0 
0 
p 
0 
V 
- 


258 
50 
P 
L 
H 
C 
0 
0 0 
G 0 0 
0 0 
0 
p 
0 
V 
- 
- 
- - - 


259 
25 
L 
L 
L 
C 0 0 0 
G 0 0 0 0 
Q 
P 
H 
V 
- 
- - - 
- 
- 


273 
25 
H 
C 
Q 
0 0 0 
0 
G 
P 0 
0 
0 0 0 
0 
0 o 
V 
- 
- 
- 
- 
- 


280 
100 
L 
L 
0 
L 
C 
C 
G 
P 
L 
L 
L 
L 
L 
V 
- 
- 
- 
- 
- - - 
- 
- 


283 
250 
C 
H 
L 
C 
P 
H 
L 
G 
C 
C 
H 
L 
C 
L 
H 
V 
- 
- 
- 
- 
- 


297 
12 
H 
H 
H 
P 
Q 
L 
C 
G 
0 
0 0 0 
0 
H 
H 
V 
- - - 
- 


299 
250 
H 
L 
L 
C 
C 
C 
C 
C 
H 
G 
Q 
P 
C 
C 
C 
C 
C 
0 
L 
V 
- 
- 
- 
- 
- 


354 
100 
0 
0 
0 
0 
0 
0 
L 
H 
L 
G 
L 
L 
L 
P 
L 
L 
H 
C 
C 
V 
- 
- - - 


356 
50 
0 
0 
0 
0 
0 
0 
0 
Q 
P 
G 
L 
L 
L 
L 
L 
L 
H 
C 
C 
V 
- - 
- 
- 


365 
50 
L 
P 
C 
0 0 0 0 
G 0 
0 0 
0 0 0 
L 
V 
- 


366 
50 
L 
P 
C 
0 0 0 0 
G 0 0 0 
0 0 0 
L 
V 
- 
- - - 
- 
- 
- 
- 
- 


367 
50 
L 
P 
C 
0 0 
0 0 
G 0 
0 0 
0 0 0 
L 
V 
- 
- 
- - - 


368 
50 
L 
P 
C 
[) 0 
0 0 
G 0 
0 0 
0 0 0 
L 
V 
- 


373 
25 
L 
C 
Q 
0 0 0 
0 
0 0 
G 
P 0 
0 
0 0 0 
0 
0 0 
V 
- - 
- - - - 


374 
25 
L 
C 
Q 
() 0 0 
0 
0 0 
G 
P 0 
0 
0 0 0 
0 
0 0 
V 
- 
- - - 
- 


377 
25 
L 
C 
Q 
0 0 0 
0 
0 0 
G 
P 0 
0 
0 0 0 
0 
0 0 
V 
- 
- 
- - 


390 
50 
P 
L 
C 
Q 
C 
C 
C 
G 0 0 0 
0 0 0 
0 
V 
- 
- - - 
- 
- 


393 
47 
P 
L 
C 
C 
C 
C 
G 0 0 0 0 
0 
0 
V 
- 
- - - 
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HIGH SPEED CMOS 
74HC/HCT/HCU 
LOGIC FAMILY 


74HC/ 
equiv. 
pin numbers 
HCr 
load 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2526 
27 28 


(pF) 


423 
100 
L 
P 
H 
C 
0 0 0 
G 
0 
0 
0 0 
C 0 
R 
V 
- 
- 
- 
- 
- 


533 
25 
L 
C 
Q 
0 0 0 
0 
0 0 
G 
P 
0 
0 
0 0 0 0 
0 0 
V 
- 
- 
- 
- 


534 
25 
L 
C 
Q 
0 0 0 0 
0 0 
G 
P 
0 
0 
0 0 0 0 
0 0 
V 
- - - 
- 


540 
50 
L 
P 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 
C 
L 
V 
- 
- 
- 
- 


541 
50 
L 
P 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 
C 
L 
V 
- 


563 
25 
L 
Q 
0 
0 
0 
0 
0 
0 
0 
G 
P 
0 0 0 0 0 0 0 
C 
V 
- 
- 
- 
- 
564 
25 
L 
Q 
0 
0 
0 
0 
0 
0 
0 
G 
P 
0 
0 0 0 0 0 0 
C 
V 


573 
25 
L 
P 
0 
0 
0 
0 
0 
0 
0 
G 
H 
0 0 0 0 0 0 0 
C 
V 


574 
25 
L 
Q 
0 
0 
0 
0 
0 
0 
0 
G 
P 
0 0 0 0 0 0 0 
C 
V 
- 


583 
200 
H 
H 
H 
L 
H 
C 
C 
G 
C 
C 
C 
L 
P 
H 
H 
V 
- 


594 
225 
C 
C 
C 
C 
C 
C 
C 
G 
C 
H 
P 
P 
H 
Q 
C 
V 
- 
- 
- 
- 
- 


595 
225 
C 
C 
C 
C 
C 
C 
C 
G 
C 
H 
P 
P 
P 
Q 
C 
V 
- 
- 
- - - 
597 
25 
0 
0 
0 
0 
0 
0 
0 
G 
C 
H 
P 
0 
H 
Q 
0 
V 
- 
- 
- - 
- 


640 
25 
H 
P 
0 
0 
0 
0 
0 
0 
0 
G 
P 
0 0 0 0 0 0 
C 
L 
V 
- 
- 
- 
- - - 


643 
50 
H 
P 
0 
0 
0 
0 
D 
0 
0 
G 
P 
0 0 0 0 0 0 
C 
L 
V 
- 


646 
50 
0 
L 
H 
P 
0 
0 
0 
D 
0 
0 
0 
G 0 0 0 0 0 0 0 
C 
L 
0 
0 
V 
648 
50 
0 
L 
H 
P 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 
C 
L 
0 
0 
V 
652 
50 
0 
L 
H 
P 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 
C 
L 
0 
0 
V 
670 
200 
L 
L 
L 
L 
P 
C 
C 
G 
C 
C 
L 
H 
L 
L 
L 
V 
- 
- 
- 
- 
688 
50 
L 
P 
L 
L 
L 
L 
L 
L 
L 
G 
L 
L 
L 
L 
L 
L 
L 
L 
V 
- 
- 
- 
- 
- 


4002 
50 
C 
P 
L 
L 
L 
0 
G 0 
D 
0 
0 
0 0 
V 
- 
- 


4015 
100 
P 
C 
0 0 0 0 
0 
G 
0 0 
C 
C 
C 
L 
Q 
V 
- 
4016 
0 
0 0 0 0 0 
0 
G 0 0 0 0 0 
p 
V 


4017 
55 
C 
C 
C 
C 
C 
C 
C 
G 
C 
C 
C 
C 
L 
P 
L 
V 
- 
4020 
48 
C 
C 
C 
C 
C 
C 
C 
G 
C 
P 
L 
C 
C 
C 
C 
V 


4024 
48 
P 
L 
C 
C 
C 
C 
G 0 
C 0 
C 
C 
0 
V 
4040 
48 
C 
C 
C 
C 
C 
C 
C 
G 
C 
P 
L 
C 
C 
C 
C 
V 
- 


4046A 
50 
0 
C 
L 
0 
H 
0 0 
G 
L 
0 0 0 0 
p 
0 
V 


4049 
50 
V 
C 
p 
0 0 0 0 
G 
0 0 
0 0 0 0 0 0 
- 
- 
- 
- 
4050 
50 
V 
C 
p 
0 0 0 0 
G 
0 0 
0 0 0 0 0 o - 


HIGH SPEED CMOS 
74HC/HCT/HCU 
LOGIC FAMILY 


74HC/ 
equiv. 
pin numbers 
HCT 
load 
(pF) 


4051 
0 
0 0 0 0 0 
L 
G 
G 
L 
L 
P 0 0 0 0 
V 


4052 
0 
0 0 0 0 0 
L 
G 
G 
L 
L 
P 0 0 0 0 
V 


4053 
0 
0 0 0 0 0 
L 
G 
G 
L 
L 
P 0 0 0 0 
V 


4059 
17 
P 
D 
H 
L 
L 
L 
L 
L 
L 
L 
H 
G 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
C 
V 
- 
- 


4060' 
106 
C 
C 
C 
C 
C 
C 
C 
G 
C 
C 
P 
L 
C 
C 
C 
V 
- - - 
- 


4066 
0 
0 0 0 0 
D 
D 
G 0 0 0 0 
D 
P 
V 
- 
- 
- 
- 
- 


4067 
0 
0 0 0 0 0 0 0 0 0 
P 
L 
G 
L 
L 
L 
0 0 0 0 0 0 0 o 
V 
- 
- 


4075 
75 
P 
L 
D 
D 
D 0 
G 
L 
C 0 
D 
D 
D 
V 
- 


4094 
250 
H 
Q 
P 
C 
C 
C 
C 
G 
C 
C 
C 
C 
C 
C 
H 
V 


4316 
0 
0 0 0 0 
P 
D 
L 
G 
G 0 0 0 0 
D 
D 
V 
- 
- 
- 
- 


4351 
0 
0 0 0 0 0 0 
L 
H 
G 
G 
H 
P 
L 
0 
L 
0 0 0 0 
V 


4352 
0 
0 0 0 0 0 0 
L 
H 
G 
G 
H 
P 
L 
0 
L 
0 0 0 0 
V 


4353 
0 
0 0 0 0 0 0 
L 
H 
G 
G 
H 
P 
L 
0 
L 
0 0 0 0 
V - 
- 


4510 
55 
L 
C 
D 
D 
L 
C 
C 
G 
L 
H 
C 
D 
D 
C 
P 
V 
- 


4511 
200 
L 
L 
H 
H 
L 
L 
P 
G 
C 
C 0 0 
C 0 
C 
V 
- 
- 
- - 


4514 
100 
H 
P 
L 
0 0 0 0 0 
C 0 
C 
G 0 0 0 0 0 0 0 0 
L 
L 
L 
V 


4515 
100 
H 
P 
L 
0 0 0 0 0 
C 0 
C 
G 0 0 0 0 0 0 0 0 
L 
L 
L 
V 


4516 
50 
L 
C 
D 
D 
L 
C 
C 
G 
L 
H 
C 
D 
D 
C 
P 
V 
- 


4518 
45 
P 
H 
C 
C 
C 
C 
L 
G 
D 
D 0 0 0 0 
D 
V 


4520 
47 
P 
H 
C 
C 
C 
C 
L 
G 
D 
D 0 0 0 0 
D 
V 
- 


4538 
100 
G 
R 
H 
P 
H 
C 
C 
G 0 0 
D 
D 
L 
0 
G 
V 


4543 
50 
H 
L 
L 
H 
L 
P 
L 
G 
C 
C 
C 
C 0 0 0 
V 


5555 
not applicable 


6323A 
7 
COO 
G 0 0 
p 
V 
- 
- - - 


7014 
50 
P 
C 
D 0 
D 0 
G 0 
D 0 
D 0 
D 
V - - 
- 
- - 


7030 
7 
G 
G 
C 
P 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
G 
L 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
P 
H 
V 


7046A 
50 
0 
C 
L 
0 
H 0 0 
G 
L 
0 0 0 0 
P 0 
V 


7080 
50 
L 
P 
L 
L 
L 
L 
L 
L 
L 
G 
L 
L 
L 
L 
L 
L 
L 
C 
V 
- 


7132 
not applicable 


7245 
50 
H 
P 
D 
D 
D 
D 
D 
D 
D 
G 0 0 0 0 0 0 
C 
L 
V 
- 
- - - - 
- 


7266 
50 
P 
L 
COD 
D 
G 
D 
D 0 0 
D 
D 
V 
- 
- - - 
- 


7403 
200 
L 
C 
P 
Q 
Q 
Q 
Q 
G 
H 
C 
C 
C 
C 
C 
P 
V 


HIGH SPEED CMOS 


74HC/HCT/HCU 
LOGIC FAMILY 


74HC/ 
equiv. 
pin numbers 
HCr 
load 
(pF) 


7404 
225 
L 
C 
P 
Q 
Q 
Q 
Q 
G 
H 
C 
C 
C 
C 
C 
p 
V 


7540 
50 
L 
P 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 
C 
L 
V 


7541 
50 
L 
P 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 
C 
L 
V 


7597 
25 
0 
0 
0 
0 
0 
0 
0 
G 
C 
H 
P 
0 
H 
Q 
0 
V 
- 


7731 
25 
C 
P 
Q 
L 
0 
0 0 
G 0 0 
0 
0 
0 
0 0 
V 
- 


9014 
50 
P 
0 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 0 
C 
V 


9015 
50 
P 
0 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 0 
C 
V 


9046 
not applicable 


9114 
0 
P 
0 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 0 
B 
V 


9115 
0 
P 
0 
0 
0 
0 
0 
0 
0 
0 
G 0 0 0 0 0 0 0 0 
C 
V 


40102 
5 
P 
H 
L 
L 
L 
L 
L 
G 
H 
L 
L 
L 
L 
C 
H 
V 
- - 
- 
- 
- 
- 


40103 
3 
P 
H 
L 
L 
L 
L 
L 
G 
H 
L 
L 
L 
L 
C 
H 
V 
- 
- 
- 
- 
- 
- 


40104 
100 
H 
Q 
0 
0 
0 
0 
0 
G 
H 
L 
P 
C 
C 
C 
C 
V 
- 


40105 
200 
L 
C 
P 
Q 
Q 
Q 
Q 
G 
L 
C 
C 
C 
C 
C 
P 
V 


• load word; 


0: 
0 
0 
0 
0 


1: 
1 
1 
1 
1 


2: 
X 
X 
X 
X 


3: 
X 
X 
X 
X 


Philips Components 


Key 


V 
G 
H 


L 
o 


C 
o 
P 
Q 


R 


Vcc 
(+5V) 


ground 


logic 1 (Vcc) - inputs at Vcc for HC types; 3.5 V for HCT types 
logic a (ground) 


don't care - either H or L but not switching 


a 50 pF load to ground 
is allowed 


an open pin; 50 pF to ground is allowed 


input pulse (see ilustration) 


half frequency 
pulse (see illustration) 


1 kQ pull-up 
resistor to an additional 
5 V supply other than the 


Vcc supply 
both Rand C. 


Q II 
II 
Vcc 
I 
L-.J 
L- 
GND 


7Z9601Q 


_USE_RGUIDE Jl 
_ 


Conditions 
for CpD tests 


Gates. 
All 
inputs 
except 
one 
are 
held 
at 
either 
VCC or 


GNO, 
depending 
on 
which 
state 
causes 
the 
output 
to 


toggle. 
The 
remaining 
input 
is toggled 
at 
a known 
fre- 


quency. 
CpO is specified 
per-gate. 


Oecoders_ 
One 
input 
is toggled. 
causing 
the 
outputs 
to 


toggle 
at the 
same 
rate 
(normally 
one 
of the 
address-select 


pins 
is switched 
while 
the 
decoder 
is enabled). 
All 
other 


inputs 
are 
tied 
to 
VCC 
or 
GNO, 
whichever 
enables 
oper- 


ation. 
CpO is specified 
per-independent-decoder. 


Multiplexers. 
One 
data 
input 
is tied 
HIGH 
and 
the other 
is 


tied 
LOW. 
The 
address-select 
and 
enable 
inputs 
are 
con- 


figured 
such 
that 
toggling 
one address 
input 
selects 
the two 


data 
inputs 
alternately, 
causing 
the 
,)utputs 
to toggle. 
With 


three-state 
multiplexers, 
CpO 
is 
specified 
per 
output 


function 
for enabled 
outputs. 


Bilateral 
switches. 
The 
switch 
inputs 
and outputs 
are open- 


circuit. 
With 
the 
enable 
input 
active, 
one 
of 
the 
select 


inputs 
is toggled. 
the 
others 
are tied 
HIGH 
or LOW. CpO 
is 


specified 
per switch. 


Three-state 
buffers 
and 
transceivers. 
CpO 
is specified 
per 
buffer 
with 
the 
outputs 
enabled. 
Measurement 
is as 
for 


simple 
gates. 


Latches. 
The 
device 
is 
clocked 
and 
data 
is toggled 
on 


alternate 
clock 
pulses. 
Other 
preset 
or clear 
inputs 
are held 


so 
that 
output 
toggling 
is 
enabled. 
If 
the 
device 
has 


common-locking 
latches, 
one 
latch 
is toggled 
by the clock. 


Three-state 
latches 
are 
measured 
with 
their 
outputs 


enabled. 
CpO is specified 
per-latch. 


Flip-flops. 
Measurement 
is performed 
as for 
latches. 
The 


inputs 
to 
the 
device 
are 
toggled 
and 
any 
preset 
or 
clear 


inputs 
are held inactive. 


Shift 
registers. 
The 
register 
is clocked 
and 
the 
serial 
data 


input 
is toggled 
at 
alternate 
clock 
pulses 
(as described 
for 
latches). 
Clear 
and 
load 
inputs 
are held 
inactive 
and parallel 


data 
are 
held 
at 
VCC 
or 
GNO. 
Three-state 
devices 
are 
measured 
with 
outputs 
enabled. 
If the 
device 
is for parallel 


loading 
only. 
it is loaded 
with 
101010 
.... 
clocked 
to shift 


the data 
out 
and then 
reloaded. 


Counters. 
A signal 
is applied 
to 
the 
clock 
input 
but 
other 


clear 
or 
load 
inputs 
are 
held 
inactive. 
Separate 
values 
for 


CpO are given for each 
counter 
in the device. 


Arithmetic 
circuits. 
Adders, 
magnitude 
comparators. 
en- 


coders, 
parity 
generators. 
ALUs 
and 
miscellaneous 
circuits 


are 
exercised 
to 
obtain 
the 
maximum 
number 
of simulta- 


neously 
toggling 
outputs 
when 
toggling 
only 
one 
or 
two 


inputs. 


Display 
drivers. 
CpO 
is 
not 
normally 
required 
for 
LED 


drivers 
because 
LEOs 
consume 
so much 
power 
as to 
make 


the 
effect 
of CpO 
negligible. 
Moreover, 
when 
blanked, 
the 


drivers 
are 
rarely 
driven 
at significant 
speeds. 
When 
it is 


needed. 
CpO is measured 
with 
outputs 
enabled 
and disabled 


while 
toggling 
between 
lamp test 
and blank 
(if provided), 
or 


between 
a display 
of numbers 
6 and 7. 


LCD drivers 
are tested 
by toggling 
the 
phase 
inputs 
that 


control 
the segment 
and backplane 
waveforms 
outputs. 


If either 
type 
of driver 
(LCD or LED) has latched 
inputs. 


then 
the 
latches 
are set to a flow-through 
mode. 


One-shot 
circuits. 
In 
some 
cases, 
when 
the 
device 
ICC 
is 


significant, 
CpO 
is not 
specified. 
When 
it is specified, 
CpO 
is 
measured 
by 
toggling 
one 
trigger 
input 
to 
make 
the 


output 
a squarewave. 
The 
timing 
resistor 
is tied 
to a sepa- 


rate 
supply 
(equal 
to 
VCC) 
to 
eliminate 
its power 
contri· 


bution. 


Additional 
power dissipation 
in 74HCT devices 


When 
the 
inputs 
of 
a 74HCT 
device 
are driven 
by a TTL 


device 
at 
the 
specified 
minimum 
HIGH 
output 
level 
of 


VOH 
= 2.4 V. the 
input 
stage 
p-channel 
transistor 
does 
not 


completely 
switch 
off and 
there 
is an additional 
quiescent 
supply 
current 
(6)ICCl. 
This 
current 
has been 
considerably 


reduced 
by 
proprietary 
development 
of 
74HCT 
input 
stages. 
see '74HCT 
inputs'. 


The 
value 
of 
6>ICC specified 
in the 
data 
sheets 
is per 


input 
and 
at the 
worst-case 
input 
voltage 
of VCC-2.1 
V for 


VCC 
between 
4.5 
and 
5.5 V. 
The 
value 
of 
2.1 V 
is the 


maximum 
voltage 
drop 
across 
a TTL 
output 
HIGH 
(mini- 


mum 
VCC and minimum 
VOH). 
see Table 
9. 


The additional 
power 
dissipation 
Pis: 


p = VCC x 6>ICC x duty 
factor 
HIGH 
x unit 
load coefficient 


The 
unit 
load 
coefficient 
for an input 
is a factor 
by which 


the 
value 
of 6>ICC given 
in the 
data 
sheet 
has to 
be multi- 


plied. 
A unit 
load 
coefficient 
is published 
for each 
74HCT 


device. 
It is a function 
of 
the 
size of the 
input 
p-channel 


transistor. 
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Tamb tCl 
TEST CONDITIONS 


74HCT 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 
to +85 
-40 
to +125 
V 


typo 
max. 
max. 
max. 


t.ICC per input pin for 
4.5 
other inputs at 


a unit load coefficient 
of 1* 
100 
360 
450 
490 
IJA 
to 
VCC-2.1 
V 
VCC or GND 


5.5 
10 ~O 


* 
The additional 
quiescent supply current 
per input is'determined by the t.ICC unit load, which has to be multiplied 
by the 
unit 
load coefficient 
as given in the individual data sheets. For dual supply systems the theoretical 
worst-case (VI ~ 2.4 V; 


VCC ~ 5.5 V) specification 
is: t.ICC ~ 0.65 mA (typical) 
and 1.8 mA (maximum) across temperature. 


Power dissipation due to slow input 
rise/fall 
times 


When an output 
stage switches, there is a brief period when 
both 
output 
transistors 
conduct. 
The resulting 
'through- 


current' 
is additional 
to 
thl! 
normal 
supply 
current 
and 


causes power dissipation 
to increase linearly with the input 
rise or fall time. 
As long as the input 
voltage is less than the n-channel 
transistor 
threshold 
voltage, or is higher than V CC minus 
the p-channel transistor threshold 
voltage, one of the input 


transistors 
is always off 
and there is no through-current. 


When the input 
voltage equals the n-channel transistor 


threshold 
voltage 
(typ. 0.7 Vl, 
the 
n-channel 
transistor 


starts 
to 
conduct 
and throllgh-current 
flows, 
reaching a 
maximum 
at 
V I ~ 0.5 VCC 
for 
74HC 
devices, 
and 
V, ~ 28%VCC for 
74HCT 
devices, the maximum 
current 
being determined 
by the geometry of the input transistors. 
The through·current 
is proportional 
to V CCn where n is 
about 2.2. The supply current for a typical 
HCMOS input 
is shown as a function 
of inp,Jt voltage transient in Fig.14. 


When Schmitt 
triggers 
are used to square pulses with 


long rise/fall 
times, through-current 
at the Schmitt-trigger 


inputs 
will 
increase the 
power 
dissipation, 
see Schmitt- 


trigger data sheets. In the ca;e of RC oscillators, 
or oscil- 


lators constructed 
with 
Schmitt 
triggers this contribution 


to the power dissipation is frequency-dependent. 


Comparison with 
LSTTL 
power dissipation 


The 
dynamic 
power 
dissipation 
of 
a HCMOS device 
is 


frequency-dependent; 
above 
1 MHz, 
that 
of 
an 
LSTTL 


device is too. 
Below 
1 MHz, 
the dynamic 
component 
of 


power 
dissipation 
of 
an LSTTL 
device is negligible com- 


pared to the static component. 
Figure 15 shows the average 


power dissipation of four HCMOS devices and their LSTTL 
equivalents. 
Because all 
functions 
in 
a multi-functional 


LSTTL 
device are biased when power is applied, for com- 


parison, the dissipation 
of whole 
HCMOS devices besides 
individual functions 
are given. 


In Fig.15 it can be seen that: 
for SSI gate types, the HCMOS power dissipation is less 
than 
LSTTL 
power 
dissipation 
below 
about 
1 MHz 


for more complex types such as a 74HC/HCT138 
3-to-8 


line 
decoder 
HCMOS 
power 
dissipation 
is less than 


LSTTL power dissipation up to 10 MHz. 
In typical 
microcomputer 
systems, the operating frequ- 


ency 
or 
the 
data/address 
signal 
rates will 
usually 
vary, 
whereas Fig.15 
is for 
continuous 
operation at a constant 


frequency. 
Average operating 
frequencies 
are usually 
far 


below 
the 
peak freque'ncies, particularly 
in the 
100 kHz 


region where the 
power dissipation 
of HCMOS is several 
orders of magnitude lessthan that of LSTTL. 


For further 
information, 
seechapter 'Power dissipation'. 
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Fig. 14 
Typical 
DC supply 
current 
as a function 
of 
input 
voltage 
for 
74HC 
circuits; 
normalized 
curves 
for a unit 
load 


coefficient 
of 
1. The 
ICC for a specific 
74HC 
circuit 
can 
be calculated 
by multiplying 
the values 
of ICC shown 
by the 
unit 
load coefficient 
for the 74HCT 
type 
given in the data 
sheet. 
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Fig. 15 Typical power dissipation 
as a function 
of operating frequency 
for a variety of LSTTL and HCMOS circuits; 
(a) quad 2·input 
NAND gate, 
(b) dual D-type flip-flop, 
(c) 3-to-8 line decoder/demultiplexer; 
inverting, 
(d) quad 
3-state bus transceiver. 


Range 


The supply 
voltage range of 74HC devices is 2 V to 6 V 


(Fig.16). This ensures continued 
use of HCMOS with future 
generations 
of 
memory 
and 
microcomputer 
requiring 
supply voltages of less than 5 V, simplifies the regulation 
requirements 
of power supplies, facilitates 
battery 
opera- 
tion 
and 
allows 
lithium 
bdttery 
back-up. 
When 
74HC 
devices are used in linear applications, 
for example 
when 
they are used as RC oscillators, a supply of at least 3 V is 
recommended 
to ensure suff cient margin for operation 
in 
the linear region. 


74HCT devices are pin-compatible 
with LSTTL circuits 
and are intended 
as power-saving replacements 
for them. 


The 74HCT devices will operate 
from the traditional 
5 V 
LSTTL supply, but the voltage range is extended 
to ±10% 
for both 
LSTTL temperature 
ranges (-40 
to +85 °c 
and 


-40 
to +125 °C). This allows extended 
temperature 
range 
LSTTL devices to be replaced by 74HCT devices. 


The absolute 
maximum 
supply 
or ground current 
per 


pin is ±50 mA for devices with standard output 
drive, and 
±70 mA for devices with bus driver outputs. These currents 
are only drawn when the outputs 
of a device are heavily 


loaded. The average dynamic current at very high frequen- 
cies can be calculated using CpO' 


The maximum 
rated supply voltage of HCMOS devices 


is 7 V and any voltage above this may destroy the device, 
even though the on-chip parasitic diode break-down voltage 
is at least 20 V and the threshold voltage of parasitic thick- 
field oxide transistors is 15 V. 


The VCC and GND potentials 
must never be reversed as 
this can cause excessive currents to flow through the input 
protection diodes. 
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Fig. 16 
Supply 
voltage 
ranges 
for 
LSTTL 
and 


HCMOS 
circuits. 
The supply 
voltage 
range 
for 74HCT 


circuits 
retain 
the 
LSTTL 
nominal 
supply 
of 5 V, but 


the 
range 
has 
been 
extended 
from 
±5% 
to ±10% 
for 


both 
the 
standard 
and 
the 
extended 
temperature 


range. 
74HC 
circuits 
operate 
with 
a supply 
voltage 
as 
low as 2 V. 


Battery back-up 


A battery 
back-up 
for a 74HC 
system 
is extremely 
simple. 


Figure 
17 shows 
an example. 
The minimum 
battery 
voltage 


required 
is only 
2 V plus one diode 
drop. 


In the 
example, 
HIGH-to-LOW 
level shifters 
(74HC4049 
or 
74HC40501 
prevent 
positive 
input 
currents 
into 
the 


system 
due 
to 
input 
signals 
greater 
than 
one 
diode 
drop 


above 
VCC' 
If the 
circuit 
is such 
that 
input 
voltages 
can 


exceed 
V CC' external 
resistors 
should 
be included 
to 
limit 
the 
input 
current 
to 15 mA for one input 
(7.5 mA per input 


for 
two 
inputs, 
5 mA 
per 
input 
for 
three 
inputs, 
etc.l. 


~ 
._{. 
I 
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h.h_.How 


, 
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External 
resistors 
may 
also 
be necessary 
in the 
output 
cir- 


cuits 
to 
limit 
the 
current 
to 
20 mA 
if the 
output 
can 
be 


pulled 
above 
VCC or below 
GND. 
These 
current 
limits 
are 


set by the parasitic 
VCC/GND 
diodes 
present 
in all outputs, 


including 
three-state 
outputs. 


For 
further 
information, 
see 
chapter 
'Battery 
back-up'. 


Power supply regulation and decoupling 


The 
wide 
power 
supply 
range 
of 
2 V to 
6 V may 
suggest 


that 
voltage 
regulation 
is unnecessary. 
However, 
a changing 


supply 
voltage 
will affect 
system 
speed, 
noise 
immunity 
and 


power 
consumption. 
Noise 
immunity, 
and 
even 
the 
oper- 


ation 
of the circuit, 
can be affected 
by spikes 
on the supply 


lines, so matched 
decoupling 
is always 
necessary 
in dynamic 


systems. 


Both 
74HC 
and 
74HCT 
devices 
have 
the 
same 
power 


supply 
regulation 
and 
decoupling 
requirements. 
The 
best 


method 
of 
minimizing 
spikes 
on the 
supply 
lines 
is simple 


enough 
- 
use 
a good 
power 
supply, 
provide 
good 
ground 


bussing 
and 
low 
AC 
impedances 
from 
the 
VCC and 
GND 


pins 
of 
each 
device. 
The 
minimum 
decoupling 
capacitance 


depends 
on the 
voltage 
spikes 
that 
can 
be tolerated, 
which 


in 
general 
should 
be 
limited 
to 
400 mV. 
A local 
voltage 


regulator 
on a printed 
circuit 
board 
can be decoupled 
using 
an electrolytic 
capacitor 
of 
10 to 5011F. 
Localized 
decoup- 


Iing of devices 
can 
be provided 
by 22 n F per 
every 
two 
to 


five 
packages 
and 
a 111F tantalum 
capacitor 
for 
every 
ten 


packages. 
The 
V CC 
line 
of 
bus 
driver 
circuits 
and 
level- 


sensitive 
devices 
can be decoupled 
from 
instantaneous 
loads 
by 
a 22 nF 
ceramic 
capacitor 
connected 
as 
close 
to 
the 
package 
as possible. 


For 
further 
information, 
see 
chapter 
'Power 
supply 
decoupling'. 


The 
gate 
input 
of 
a MOS 
transistor 
acts 
as 
a capacitor 


«1 
pF) 
with 
very 
low 
leakage 
current 
«1 
pAl. 
Without 


protection, 
such 
an input 
could 
be electrostatically 
charged 


to 
a high 
voltage 
that 
would 
breakdown 
the 
dielectric 
and 
permanently 
damage 
the device. 


The 
integration 
process 
of 
the 
HCMOS 
family 
allows 


polysilicon 
resistors 
to be formed 
at all inputs 
to slow down 


fast 
input 
transients 
caused 
by 
electrostatic 
discharge 
and 


to dissipate 
some 
of their 
energy. 
These 
resistors 
also ensure 


that 
the 
input 
impedance 
of an HCMOS 
device 
is typically 


100 n under 
all biasing 
conditions, 
even when 
V CC is short- 


circuited 
to 
GND 
- 
an 
improvement 
over 
direct 
input 


diode 
clamps 
during 
power-up. 
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Although 
all 
inputs 
and 
outputs 
are 
protected 
against 


electrostatic 
discharge, 
the 
standard 
CMOS 
handling 


precautions 
should 
be 
observed 
(see 
chapter 
'Handling 
precautions' 
). 


Fig. 18 
Standard 
input 
protection 
of 74HC/HCT/HCU 


inputs 
against 
electrostatic 
discharge. 


D.C. 


HICH- 


VOLTAGE 


SOURCE 


DEVICE 


UNDER 


TeST 


The 
standard 
input 
protection 
comprises 
a series 
poly- 


silicon 
resistor 
and 
two 
stages 
of diode 
clamping 
(Fig.18). 


The 
typical 
forward 
voltage 
of the 
diodes 
is 0.9 V at 2 mA 


and 
the 
reverse 
breakdown 
voltage 
is 20 V. In some 
appli- 


cations 
such 
as 
oscillators, 
the 
diodes 
conduct 
during 


normal 
operation, 
in which 
case the 
input 
current 
should 
be 


limited. 
The 
maximum 
positive 
input 
current 
+1, K per 
input 
is 20 mA. 
For 
devices 
with 
a standard 
output, 
the 


total 
positive 
input 
current 
is 50 mA; for devices 
with 
a bus- 


driver 
output, 
the 
total 
input 
current 
is 70 mA. 
The 
maxi- 


mum 
negative 
input 
current 
-I, 
K per pin is: 


14 mA for one input 


9 mA for two 
inputs 


6 mA for three 
inputs 


5 mA for four 
inputs 


4 mA for five inputs 


3 mA for six to eight 
inputs. 


High-to-Iow 
level 
shifters 
74HC4049 
and 
74HC4050 


have 
a single-sided 
input 
protection 
network 
(Fig.19) 
which 


protects 
against 
electrostatic 
input 
voltages. 
The 
diode 
D1 


is the 
parasitic 
drain-to-GND 
diode 
of the thick 
field oxide 
protection 
device. 


All 
input 
pins 
can 
withstand 
discharge 
voltages 
up 
to 


2.5kV 
(typ.1 
when 
tested 
according 
to 
MIL-STD-8838, 
method 
3015, 
see 
Fig.20. 
The 
output 
configurations 
of 


standard, 
bus 
driver, 
three-state, 
open 
drain 
and 
I/O ports 


can 
withstand 
>3.5 
kV 
(typ.1 
because 
of 
the 
large diodes 


formed 
by 
the 
drain 
surfaces 
of 
the 
output 
transistors. 


Figure 
21 shows 
the 
voltage 
pulse 
for the discharge 
test. 


The 
rise 
time 
tr 
prescribed 
by 
MI L-STD-8838 
is <;;15 ns, 


but 
in practice 
it is helpful 
to adjust 
the 
test 
set-up 
to give 


a 
rise 
time 
of 
13 ±2 ns 
0 
avoid 
correlation 
problems. 


(a) Test circuit 


mode 
device 
under 
test 


+ 


1 
input 
GND 


2 
GND 
input 


3 
input 
VCC 


4 
VCC 
input 


5 
output 
GND 


6 
GND 
output 


7 
output 
VCC 


8 
VCC 
output 


9 
input 
output 


10 
output 
input 


11 
VCC 
GND 
12 
GND 
VCC 


100 
11 
10 logIc 


'"OUl 
CirCUlI 
,n':Jl 
~Sq 1 


01 


----LLlGNO 
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74HC 
inputs 


The 
74HC 
input 
circuit 
(Fig.22) 
includes 
the 
resistor/diode 


network 
for 
electrostatic 
discharge 
protection 
and 
clamps 


input 
voltages 
greater 
than 
VCC 
or 
less than 
GNo. 
The 


circuit 
is intended 
for AC working 
and cannot 
handle 
heavy 


DC 
currents 
for 
long 
periods; 
the 
maximum 
input 
diode 


current 
is 20 mA. 


The 
74HC 
input 
circuit 
has no active 
input 
current; 
the 


only 
current 
flowing 
is through 
the 
reversed·biased 
diodes 


01 
and 
02, 
typically 
a few 
nA reaching 
a maximum 
when 


VI ~ VCC or GNo. 


The 
MOS transistors 
P1 
(p·channel) 
and 
N1 
(n·channel) 


have 
the 
same 
conductance 
when 
switched 
on, 
giving 
a 


typical 
switching 
threshold 
of 
50% 
V CC' 
see 
Fig.23. 
This 
threshold 
is almost 
independent 
of temperature, 
a ±60 mV 


variation 
of the 
switching 
point 
from 
-40 
to +125 °c being 


typical. 
The temperature 
dependence 
of V ILis -0.6 
mV tc, 


that 
of 
VIH 
is +0.6 mVtC. 
The 
only 
other 
factors 
that 
affect 
the 
switching 
threshold 
are the 
spreads 
of 
{3 and 
VT 
of P1 and N1 between 
devices. 


Fig. 23 
74HC 
input 
switching 
level 
as a function 
of 
supply 
voltage. 


There 
is no current 
path 
from 
VCC to 
GNo 
when 
the 


input 
is 
lower 
than 
VTN, 
or 
higher 
than 
VCC-VTP' 


However, 
when 
the 
input 
voltage 
is in the 
linear 
region, 
a 


static 
current 
path 
from 
VCC or 
GN 0 
flows 
in the 
input 
stage 
(Fig.14l. 
This 
current 
is 
negligible 
under 
normal 


operating 
conditions 
when 
the 
input 
rise 
time 
tr';; 
15 ns, 


but 
the 
power 
dissipation 
should 
be 
taken 
into 
account 


for 
devices 
operating 
in 
the 
linear 
region. 
Owing 
to 
the 


voltage 
gain 
of 
the 
input 
stage, 
there 
is no 
static 
flow- 


through 
current 
in 
the 
second 
and 
subsequent 
stages. 


Small 
currents 
do 
flow 
in 
these 
stages 
during 
operation 


when 
both 
n·channel 
and 
p·channel 
transistors 
conduct 


for 
brief 
periods 
and 
their 
effect 
is included 
in the 
CpO 


value 
in the data 
sheets. 


74HCT 
inputs 


The 
74HCT 
input 
stage 
is simi lar to that 
of a 74HC 
device. 


It has the 
same 
characteristics 
for 
LSTTL 
levels as a 74HC 


input 
has for 
CMOS 
levels, 
so there 
is no trade-off 
in speed 
or 
power 
dissipation. 
The 
switching 
threshold 
is 
lower, 


1.4 V at 
V CC ~ 5 V. In addition, 
the 
74HCT 
input 
circuit, 


shown 
in Fig.24, 
has an enlarged 
n·channel 
transistor 
(N 1) 
and 
a level-shift 
diode 
(03) 
has 
been 
added. 
The 
natural 


drain 
voltage 
of 
the 
p-channel 
transistor 
(P1) 
is approxi- 


mately 
VCC-0.6 
V, but 
when 
the 
input 
voltage 
is LOW, an 


auxiliary 
pull·up 
transistor 
(P2) 
raises 
this 
to 
VCC' 
cutting 


off 
p·channel 
transistor 
P3 completely. 
The 
input 
stage 
is 


well 
matched 
to the 
load 
presented 
by the 
second 
stage 
so 


that 
symmetrical 
propagation 
delays 
are obtained. 
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Fig.25 
74HCT 
input 
switching 
level as a function 
of 


supply 
voltage. 


Figure 
25 
shows 
the 
switching 
level 
as 
a function 
of 


supply 
voltage. 


A TTL 
HIGH 
level 
can 
be as low as 2.4 V. An input 
of 


this 
order 
to 
a HCMOS 
device 
would 
not 
cut 
off 
P1 com· 


pletely, 
and 
additional 
supply 
current 
would 
flow 
through 


the 
input 
stage. 
A level·shift 
diode 
D3 and the influence 
of 


the 
back·gate 
(substrate) 
connection 
to P1 minimizes 
power 


dissipation 
caused 
by 
this 
through·current 
and 
gives 
an 


input 
switching 
level 
compa~ible 
with 
LSTTL. 
Figure 
26 


shows 
the 
input 
stage 
through·current 
with 
and 
without 


the 
diode 
circuit. 
The 
peak 
in the curve 
occurs 
at the 
input 


switching 
threshold. 


The 
input 
stage 
through·current 
is virtually 
zero 
for 
a 


typical 
TTL 
HIGH 
level 
input 
of 3.5 V. Thus, 
this 
unique 


74HCT 
input 
structure 
gives 
true 
CMOS 
low 
power·con- 


sumption 
when 
driven 
by 
-TL. 
Typical 
and 
maximum 


through·currents 
c.lCC 
per 
input 
are 
given 
in the 
data 
sheets. 


In 
a system 
where 
74HCT 
devices 
are 
only 
driven 
by 


LSTTL 
devices, 
VOH min can be 2.7 V except 
for some 
bus 


drivers. 
With 
VOH 
= 2.7 V, 
~ICC 
is 
half 
the 
published 


value. 


Maximum 
input 
rise/fall 
times 


All digital 
circuits 
can oscillate 
or trigger 
prematurely 
when 


input 
rise and fall times 
are very long. When the 
input 
signal 


to 
a device 
is at or near 
the 
switching 
threshold, 
noise 
on 


the 
line 
will 
be amplified 
and 
can 
cause 
oscillation 
which, 


if the 
frequency 
is low enough, 
can c.ause subsequent 
stages 


to 
switch 
and 
give 
erroneous 
results. 
For 
this 
reason, 


Schmitt·triggers 
are 
recommended 
if 
rise/fall 
times 
are 
likely 
to exceed 
500 ns at VCC = 4.5 V. 
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with 
no level·shift 
diode 


with 
standard 
input 
structure 


Fig. 26 
Additional 
quiescent 
supply 
current 
c.lCC 
(typ.) 
per 
input 
pin of a 74HCT 
device 
as a function 


of 
supply 
voltage 
(unit 
load 
coefficient 
is 
1); 


(a) VCC = 4.5V, 
(bl VCC = 5.5V. 


The 
flip·flops 
74HC/HCT73, 
74, 
107, 
109 
and 
112 
in- 


corporate 
Schmitt·trigger 
input 
circuits 
and 
the 


74HC/HCT14 
and 
132 
are dedicated 
Schmitt 
triggers 
with 
specified 
input 
levels. 


For 
further 
information, 
see 
chapter 
'Schmitt 
trigger 
applications' 
. 
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Termination 
of unused inputs 


To prevent 
any 
possibility 
of linear 
operation 
of the 
input 


circuitry 
of an 
LSTTL 
device, 
it is good 
practice 
to termin- 


ate all unused 
LSTTL 
inputs 
to 
VCC via a 1.2 kD 
resistor. 


Inputs 
should 
not 
be connected 
directly 
to 
GND 
or VCC' 
and they 
should 
not 
be left floating. 


Unlike 
LSTTL 
inputs, 
the 
impedance 
of 
74HC 
and 


74HCT 
inputs 
is 
very 
high 
and 
unused 
inputs 
must 
be 


terminated 
to 
prevent 
the 
input 
circuitry 
floating 
into 
the 


linear 
mode 
of 
operation 
which 
would 
increase 
the 
power 


dissipation 
and 
could 
cause 
oscillation. 
Unused 
74HC 
and 


74HCT 
inputs 
should 
be connected 
to VCC or GND, 
either 


directly 
(a distinct 
advantage 
over 
LSTTU, 
or via resistors 


of 
between 
1 kD 
and 
1 MD. 
Since 
the 
resistors 
used 
to 
terminate 
the 
inputs 
of 
LSTTL 
devict!s 
are usually 
between 


220.11. 
and 
1.2 kD, 
it is often 
possible 
to 
directly 
replace 


LSTTL 
circuits 
with 
their 
74HCT 
counterparts. 


Some 
of 
the 
bidirectional 
(transceiver) 
logic 
devices 
in 


the 
HCMOS 
family 
have 
common 
I/O 
pins. 
These 
pins 


cannot 
be 
connected 
directly 
to 
VCC 
or 
GND. 
Instead, 


when 
defined 
as 
inputs, 
they 
should 
be 
connected 
via a 


10 kD resistor 
to VCC or GND. 


Input current 


Figure 
27 
shows 
the 
typical 
input 
leakage 
current 
of 
a 


HCMOS 
device 
as a function 
of ambient 
temperature 
for a 


V CC 
of 
6 V. Over 
the 
total 
operating 
temperature 
range, 
the 
input 
leakage 
current 
is well 
below 
the 
rating 
specified 
in the JEDEC 
standard 
(100 nA between 
_55°C 
and +25 °c 


and 
1 /lA 
at +85 °c 
and 
+125 °c. 
The reason 
for this differ· 


ence 
between 
the 
measured 
performance 
and 
the 
rating 
is 


the 
high-speed 
testing 
limitations 
associated 
with 
test 


system 
resolution 
and 
the 
measurement 
of settling 
time. 
A 


secondary 
reason 
is that 
the 
rating 
is end-of-line, 
allowing 


Fig.27 
Typical 
HCMOS 
input 
leakage 
current 
II as a 


function 
of ambient 
temperature 
Tamb' 


some 
leakage 
current 
shift 
due 
to 
the 
ingress 
of moisture 
or foreign 
material. 


Input capacitance 


Since 
CMOS 
inputs 
present 
essentially 
no 
load, 
fan-out 
is 


limited 
only 
by 
the 
input 
capacitance. 
This 
is specified 
as 


3.5pF 
(typ.) 
and 
comprises 
package, 
bonding 
pad/inter- 


connecting 
track, 
input 
protection 
diode 
and transistor 
gate 


capacitances. 
Figs 28 and 29 show 
the 
typical 
input 
capaci- 


tances 
for 
powered 
74HC 
and 
74HCT 
devices. 
The 
initial 


decrease 
in capacitance 
as VI rises from 
zero 
or falls 
from 


5 V 
is due 
to 
increased 
reverse 
bias 
on 
the 
protection 


diodes. 
The peak 
is caused 
by internal 
Miller feedback 
capa- 


citance 
when 
the 
inverter 
is in its linear 
mode. 
A conserva- 


tive 
value 
for 
the 
maximum 
input 
capacitance 
is 
10pF 


(20pF 
for 
I/O pins owing 
to the output 
drain 
capacitance). 


Input 
capacitance 
is measured 
with 
all other 
inputs 
tied 
to 


ground. 
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Fig. 28 
Typical 
input 
capacitance 
C, 
of 
a 
74HC 


device 
as 
a function 
of 
input 
voltage; 
VCC 
= 5 V; 


Tamb = 25°C. 


Fig. 29 
Typical 
input 
capacitance 
C, 
of 
a 74HCT 


device 
as 
a 
function 
of 
input 
voltage; 
VCC = 5 V; 


Tamb 
= 25°C. 
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Fig. 30 
Cross·section 
of 
the 
input 
protection 
of 
an 


HCMOS 
device 
showing 
the 
parasitic 
pnp 
transistor 


between 
adjacent 
inputs. 


Coupling of adjacent inputs 


Parasitic 
bipolar 
pnp 
transistors 
can 
be 
present 
between 


adjacent 
inputs, 
e.g. betweer 
an input 
protection 
diode 
to 


V CC and 
the 
same 
diode 
at the adjacent 
input, 
as shown 
in 


Fig.30. 
If the 
recommended 
operating 
input 
voltage 
IS ex· 


ceeded, 
perhaps 
by ringing 
of more 
than 
0.7 V, current 
into 


the 
terminal 
(11) 
can 
cause 
a current 
12 in the 
parasitic 


transistor 
and 
in the 
adjacent 
input 
(Fig.31). 
Because 
12 in 


the 
adjacent 
input 
has to 
be drained 
by the 
source 
driving 


that 
input, 
the 
source 
resistance 
(R) 
must 
be low. 
If R is 


not 
low 
enough, 
the 
parasitic 
current 
can 
lift 
the 
source 


voltage 
and cause 
unwanted 
switching. 


The 
ratio 
of the 
parasitic 
adjacent 
input 
current 
(12) to 


the 
forced 
input 
current 
(11) denoted 
a: 


12 
a" 
-. 
11 


a has 
been 
reduced 
to 
less than 
0.05 
(typically 
0.001) 
in 


the 
HCMOS 
family 
by 
the 
use 
of 
deep 
guard 
rings 
and 


optimum 
bonding 
pad spacing. 


A Iowa 
permits 
proper 
logic operation 
in the 
presence 


of 
transients 
and 
also 
allows 
HIGH-to-LOW 
voltage 
trans- 


lation 
simply 
by adding 
series 
input 
resistors. 
For example, 


in 
Fig.31, 
12 V 
system 
logic 
is converted 
to 
5 V system 


logic 
by 
adding 
a 100 kQ 
resistor 
in each 
input. 
Since 
the 


logic 
signals 
are 
delayed 
by 
1-2115, 
this 
arrangement 
is 


suitable 
for 
rather 
slow 
12 V control 
logic 
such 
as that 
in 


automotive 
applications. 
When 
the 
input 
diodes 
are used 
as 


clamps 
for 
logic 
level 
translation, 
the 
total 
input 
current 


'should 
be limited 
to 20 mA. 


Input voltage and forward diode input current 


As 
a general 
rule, 
CMOS 
lo)ic 
devices 
with 
input 
clamp 


diodes 
(Fig.18) 
should 
be 
operated 
between 
the 
power 


" 


~IL(2) 


Fig. 31 
12 V-to-5 
V logic-level 
con- 


version 
at 
HCMOS 
inputs 
using 


100 kQ series 
resistors. 


supply 
rails. 
Neglecting 
the 
input 
series 
polysilicon 
resistor 


shown 
in Fig.18, 
this 
means: 
-0.5 
V ~ 
V I ~ V CC + 0.5 V. 
This rule isJEDEC 
Std. 
No. 7A and is intended 
to prevent 


users 
damaging 
devices 
similar 
to 
HCMOS 
that 
do not 
have 


the 
polysilicon 
resistor. 
HCMOS 
devices 
however 
meet 
the 


tougher 
rating: 
-1.5 
V ~ V I ~ 
V CC + 1.5 V. Furthermore, 


virtually 
all HCMOS 
devices 
can 
operate 
reliably 
up to the 


rating 
without 
logic errors. 


The 
maximum 
permissible 
continuous 
current 
forced 


into 
an 
input 
or 
output 
of 
a 
HCMOS 
device 
is ±20 mA 
(JEDEC 
rating). 


Output drive 


There 
are 
three 
different 
output 
configurations 
in 
the 


HCMOS 
family: 


push-pull 


- 
th ree-state 


- 
open-drain 
n-channel 
transistor. 


Each 
is available 
with 
a standard 
output 
or a bus driver 
out- 


put, 
the 
latter 
having 
50% 
more 
drive 
capability. 
All 74HC 


and 
74HCT 
outputs 
are 
buffered 
for 
consistent 
current 


drives 
and 
AC 
characteristics 
throughout 
the 
HCMOS 


family. 
Well-matched 
output 
n-channel 
and 
p-channel 


transistors 
give symmetrical 
output 
rise and fall times. 


When comparing 
the output 
drive 
capabilities 
of HCMOS 


with 
those 
of LSTTL, 
note 
that 
LSTTL 
capability 
is usually 


expressed 
in unit 
loads 
(U Ls) where 
the load is specified 
to 


be 
an 
input 
of 
the 
same 
family. 
This 
guarantees 
that 
a 


system 
will 
operate 
correctly 
with 
worst·case 
LOW 
and 


HIGH 
input 
signals 
and that 
noise 
immunity 
margins 
will be 


preserved. 
HCMOS 
capability 
is expressed 
as the 
source 
or 


sink 
current 
at 
a specified 
output 
voltage. 
Since 
HCMOS 


requires 
virtually 
no input 
current, 
the 
unit 
load concept 
is 


not applicable. 
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With 
a 
specified 
output 
drive 
of 
4 mA 
(at 


VOLmax 
= 0.4 V), the HCMOS 
capability 
exceeds 
4000 
ULs, 


and 
with 
a 
20llA 
(at 
VOL = 0.1 V) 
specification 
the 


HCMOS 
capability 
is 20 ULs. A standard 
HCMOS 
output 


can 
drive 
ten 
LSTTL 
loads 
and 
maintain 
VOL < 0.4 V over 


the 
full 
temperature 
range. 
A bus 
driver 
output 
can 
drive 


15 LSTTL 
loads 
under 
the same 
conditions. 
Table 
10 shows 


the 
output 
drive 
capabilities 
of 
some 
HCMOS 
devices 
ex- 


pressed 
in 
LSTTL 
unit 
loads. 
The 
output 
current 
may 
be 


increased 
for 
higher 
output 
voltages. 
For 
example, 
extra- 


polating 
the 
6 mA 
bus 
driver 
capability 
at 
VOL = 0.33 
V 


and 
Tamb 
= 85 °c to 
a VOL 
of 0.5 V gives an output 
drive 
capability 
of 9 mA. 


Output 
current 
derating 
as a function 
of temperature 
is 


shown 
in Fig.32 
and is valid 
for all types 
of output. 
Output 


source 
and 
sink 
drives 
at 
VCC = 2 V, 4.5 V 
and 
6 V are 


given 
in Figs 33 to 36 
which 
show 
the 
output 
current 
as a 
function 
of output 
voltage; 
these 
graphs 
indicate 
the 
typical 


output 
currents 
and the 
expected 
minimum 
output 
currents. 
They 
can serve as a design 
aid when 
calculating 
transmission 


line 
effects 
or 
when 
charging 
highly 
capacitive 
loads. 


The 
expected 
minimum 
curves 
are not 
guaranteed; 
they 


are tested 
only 
at the 
values given in the 
data sheets. 


normalized 


IOL 
& IOH 


(Iyp] 
I 


Fig. 32 
Derating 
curve 
for 
output 
drive 
currents 


IOL and 
IOH' 


Table 
10: 
Comparison 
of 
the 
output 
drive 
capabilities 
of 


LSTTL 
and HCMOS 
(VOL < 0.4 V) 


74 LSOO 
4mA 
10 UL 
74HCOO 
standard 
4 mA 
10 UL 


74LS138 
4 mA 
10 UL 
75HC138 
standard 
4 m A 
10 UL 


74LS245 
12 mA 
30 UL 
74HC245 
bus 
6mA 
15 UL 


74LS374 
12 mA 
30 UL 
74HC374 
bus 
6mA 
15 UL 


U L = unit 
load. 
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Push-pull 
outputs 


A typical 
push-pull 
output 
stage 
is shown 
in 
Fig.37. 
The 


bipolar 
parasitic 
transistor-drain 
diodes 
(D1 and 
D2) 
limit 


the 
output 
voltage 
Va 
of all HCMaS 
devices 
in the case of 


externally-forced 
voltages 
such 
that 
-0.5 
V .;; Va 
.;; 


V CC + 0.5 V. 
For 
voltages 
outside 
this 
range, 
the 
diodes 


and 
parasitic 
bipolar 
elements 
start 
to 
conduct. 
Although 


the 
diode 
current 
rating 
is 20 mA 
DC, 
line 
ringing 
and 


power 
supply 
spikes 
in 
normal 
high-speed 
systems 
cause 


current-peaks 
that 
exceed 
this 
rating. 
Careful 
chip-layout 


and 
adequate 
aluminium 
traces 
ensure 
that 
the 
current 


peaks 
produced 
will 
not 
damage 
the 
diodes 
or degrade 
the 


internal circuitry. 
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The 
maximum 
rated 
DC current 
for a standard 
output 
is 


25 mA 
and 
that 
for 
a bus-driver 
output 
is 35 mA. 
These 
ratings 
are 
dictated 
by 
the 
current 
capability 
of 
on-chip 


metal 
traces 
and 
long-term 
aluminium 
migration, 
but 
it is 


expected 
that 
output 
currents 
during 
switching 
transients 


will, at times, 
exceed 
the 
maximum 
ratings. 


A 
shorted 
output 
will 
also 
cause 
the 
maximum 
DC 


current 
rating 
to be exceeded. 
However, 
one output 
may 
be 


shorted 
for 
up to 
5 s without 
causing 
any direct 
damage 
to 
the 
IC. 
The 
life of the 
IC will not 
be shortened 
if not 
more 
than 


one 
input 
or 
output 
at 
a time 
is forced 
to 
GND 
or VCC 


during 
in-circuit 
logic 
testing 
('back 
drive') 
as long 
as the 


following 
rules are obeyed: 


maximum duration 
1 ms 


maximum 
duty 
factor: 
10% 


maximum 
VCC 
6 V 


Non-standard 
inputs 
or 
outputs 
may 
not 
be in-circuit 


tested. 
Examples 
of 
non-standard 
inputs/outputs 
are: 


timing 
pins 
(Rx' 
Cx) 
of 
monostables 
'123', 
'221', 
'423' 
and '4538' 


the 
Y and 
Z 
pins 
of 
all compensated 
analog 
switches 


('4051' 
series, 
'4351' 
series, 
'4066' 
and '4077') 


pins 
for 
external 
timing 
components 
of 
PLLs 
'4046A' 
and '7046A' 


the 
RTC and CTC pins of the '4060'. 


The 
only 
exception 
to 
this 
rule 
is the 
non-standard 
output 
of the '4511 '. 
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Three-state 
outputs 


In the 
typical 
three-state 
output 
circuit 
shown 
in 
Fig_3B, 


when 
EO is HIGH 
the 
output 
is enabled 
and transistors 
P4 


and 
N4 act 
as a transmission 
gate 
connecting 
the 
gates 
of 


the 
output 
transistors. 
A LOW at EO puts 
the 
output 
in the 


high-impedance 
OFF-state 
and 
transistors 
P3 and N3 act as 


pull-up 
and 
pull-down 
transistors 
respectively. 
The 
logic 


symbol 
for 
a three-state 
output 
and 
its function 
table 
is 


shown 
in Fig.39. 


'-1>-0 


EO~7ZI355'.1 


inputs 
outputs 


EO 
0 


X 
L 
Z 


L 
H 
L 


H 
H 
H 


H 
= HIGH 
voltage 
level 


L 
= LOW voltage 
level 


X 
= don't 
cam 


Z 
= high impedance 
OFF-state 


Three-state 
outputs 
are designed 
to be tied 
together 
but 


are not 
intended 
to 
be active 
simultaneously_ 
To minimize 


noise 
and 
to 
protect 
outputs 
from 
excessive 
power 
dissipa- 


tion, 
only 
one 
three-state 
output 
should 
be active 
at any 


time. 
In general, 
this 
requires 
that 
the output 
enable 
signals 


should 
not overlap. 
When 
decoders 
are used 
to enable 
three- 


state 
outPuts, 
the 
decoder 
should 
be 
disabled 
while 
the 


address 
is being 
changed. 
This 
avoids 
overlapping 
output- 


enable 
signals 
caused 
by decoding 
spikes 
to which 
all deco- 


der outputs 
are prone 
during 
address-changing. 


When 
designing 
with 
three-state 
outputs, 
note 
that 


disable 
propagation 
delays 
are 
measured 
for 
an 
RC 
load 


when 
the 
output 
voltage 
has changed 
by 10% of the voltage 


swing. 
This 
10% 
level 
is adequate 
to 
ensure 
that 
a device 


output 
has 
turned 
off. 
Although 
this 
method 
provides 
a 


standard 
reference 
for 
measuring 
disable 
times, 
it 
implies 


that 
the 
output 
is already 
off 
for 
10% 
of the 
RC time. 


Because 
all disable 
times 
are 
measured 
with 
a load of 1 kn 


and 
50 pF, 
subtract 
the 
10% RC time 
(5 ns) from 
the values 


published 
in the 
data 
sheets 
to 
obtain 
the 
real 
internal 


disable 
propagation 
delay. 


Diodes 
01 
and 
02 
are 
parasitic 
diodes 
associated 
with 


output 
transistors 
P5 and 
N5 respectively. 
Diode 
01 
clamps 


the 
output 
at one 
V BE above 
VCC' 
of importance 
in large 
systems 
where 
sections 
of 
the 
system 
may 
be 
powered- 


down 
(V CC = 0 Vl. 
in which 
case 
the 
output 
diode 
current 


has to be limited 
to 20 mA. 


All 
I/O 
ports 
and 
transceivers 
have a three-state 
output 
as shown 
in Fig.3B. 
The 
I/O pin is defined 
as an input 
when 


the 
output 
is disabled, 
but 
this 
pin 
should 
be regarded 
as a 


real 
input 
and should 
not 
be left floating, 
because 
the 
input 


to 
an 
I/O 
port 
can 
cause 
V CC current. 
If necessary, 
ter- 
minate 
the 
input 
with 
a 10 kn 
resistor, 
see 'Termination 
of 


unused 
inputs', 


Open-drain outputs 


In TTL 
families, 
several 
functions 
are 
offered 
with 
open- 
collector 
outputs 
to enhance 
logic 
functions 
by using 
OR- 


tied 
logic. 
The 
advantage 
of 
OR-tied 
logic 
is the 
logic 


elements 
saved 
and 
hence 
the 
lower 
power 
dissipation. 


However, 
this 
is countered 
by 
power 
loss and 
reliance 
on 


RC 
time 
propagation 
delays_ 
These 
disadvantages 
are 
not 


encountered 
in CMOS 
and similar 
applications 
can be made 


using 
devices 
with 
3-state 
outputs, 
or 
simply 
with 
the 


power-saving 
logic 
devices. 
However, 
the 
74HC/HCT03 


(quad 
2-input 
NAND 
gate) 
has 
an 
open-drain 
n-channel 


output, 
see 
Fig.40. 
The 
parasitic 
diode 
01 
is not 
present 


(there 
being 
no p-channel 
transistor); 
this allows 
the 
output 


voltage 
to 
be 
pulled 
above 
VCC 
to 
VOmax 
making 
both 


H IGH-to-LOW 
and 
LOW-to-H 
IGH 
level-shifting 
possible. 


For 
digital 
operation, 
a 
pull-up 
resistor 
is necessary 
to 
establish 
a logic HIGH 
level. 
'I( M,,,h 1988 
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The 
open-drain 
output 
is protected 
against 
electrostatic 


discharge. 


---J~O""", 


l,om~ 
logu; 


CircuIt 
-02 


GNO 
7Z910.1 


To 
increase 
output 
drive, 
the 
inputs 
and 
outputs 
of gates 
in 
the 
same 
package 
may 
be 
connected 
in parallel. 
It 
is 


advisable 
to 
restrict 
parallel 
connection 
to gates within 
one 


package 
to 
avoid 
large 
transient 
supply 
currents 
due 
to 


different 
gate-switching 
times. 


For 
further 
information, 
see 
chapter 
'Interfacing 
and 


protection 
of circuit 
board 
inputs'. 


Output 
capacitance 


For 
push-pull 
outputs, 
no 
output 
capacitance 
is specified 


because 
either 
the 
n-channel 
transistor 
or 
the 
p-channel 


transistor 
creates 
a low·impedance 
path 
to the supply 
rails. 


Three-state 
outputs 
can 
be switched 
to 
the 
high impe- 


dance 
OF F- state, 
and 
because 
many 
of 
them 
can 
be 


connected 
to 
a bus 
line, the 
output 
capacitance 
is needed 


to 
calculate 
the 
total 
capacitive 
load. 
For bus-driven 
3-state 


outputs 
in a DIL 
package, 
the 
output 
capacitance 
is 6 pF 


(typ.) 
and 20 pF 
(max.). 


The static 
noise 
immunity 
can be divided 
into: 
the 
static 
noise 
margin 
LOW. 
This 
is the 
voltage 
differ- 


ence 
between 
VILmax 
of the driven 
device 
and VOLmax 


of the driver. 
the 
static 
noise 
margin 
HIGH. 
This 
is the 
difference 


between 
VOHmin 
of 
the 
driver 
and 
VIHmin 
of 
the 


driven 
device. 


For 
74HC 
devices, 
both 
the 
LOW level noise 
margin 
and 


the 
HIGH-level 
noise 
margin 
is 28% 
of VCC' 
This 
is a con- 


siderable 
improvement 
over 
LSTTL 
where 
the 
LOW-level 


noise 
margin 
is only 
8% of VCC and 
the 
HIGH 
level noise 


margin 
is just 
14% of VCC' 
The margins 
are even greater 
for 


HCMOS 
at 
higher 
supply 
voltages 
as shown 
in Fig.41. 
As 


74HCT 
devices 
have 
the 
same 
switching 
levels 
as LSTTL, 


their 
noise 
margins 
are also the same. 


The 
superior 
noise 
immunity 
of the 
74HC 
input 
can 
be 


clearly 
seen 
from 
the 
voltage 
levels 
of the 
input-to-output 


transfer 
characteristics 
shown 
in Figs 42 and 43. 


input 


level 


V, 
5 


IVI 


output 
_2'i__ 
level 


S 
Vo 
IVI 


_li __ 
--"--, 


~~~~:-c- 


o 
_,5 V t 
t 5-,5·V· 0 
$upplvllo1tage 
VCC 


Fig. 41 
Worst·case 
input 
and 
output 
voltages 
over an 


operating 
supply 
range 
of 4.5 V to 5.5 V. 


Fig. 42 
Typical 
input-to-output 
transfer 
character- 


istic for 74HC 
and 74HCT 
devices. 


Fig. 43 
Input-to-output 
transfer 
characteristics 
for 


TTL devices. 


M"oh 19881 ( 


____ 
J 


Table 11 
shows 
the 
input 
noise 
margin 
of 
HCMOS 
devices where like devices are interfaced. 
Output 
voltages 


are also given. 


Table 
11: Noise immunity 
and noise margin 
for 
HCMOS 


devices (VCC ~ 4.5 V) 


74HC 
74HCT 
74HCU 


VILmax 
(V) 
1.35 
0.8 
0.9 


VIHmin 
(V) 
3.15 
2 
3.6 


VOLmax 
(V) 
0.1 
0.1 
0.5 


VOHmin 
(V) 
4.4 
4.4 
4 


Noise margin low 


VNML 
(V) 
1.25 
0.7 
0.4 


Noise margin high 


VNMH 
(V) 
1.25 
2.4 
0.4 


Table 12 shows the input noise margin of 74HCT devices 


interfacing 
with 
LSTTL 
devices; the 
74HCT 
or 
LSTTL 
output 
is fully·loaded, 
VCC ~ 4.5 V and Tamb 
is O°C to 


+70°C 
(the only convenient 
temperature 
range when using 
LSTTL characteristics). 


Table 12: 
Noise immunity 
and noise margin 
for 
74HCT 
and LSTTL device interfacing 


74HCT 
LSTTL 


VILmax 
(V) 
0.8 
0.8 


VIHmin 
(V) 
2 
2 


VOLmax 
(V) 
0.33 (note 1) 
0.4 


0.1 
(note 2) 


VOHmin 
(V) 
3.84 (note 1) 
2.7 
4.4 
(note 2) 


Noise margins (V): 


from 74HCT to LS 
VNML 
0.47 


VNMH 
1.84 


from LS to 74HCT 
VNML 
0.4 


VNMH 
0.7 


from LS to LS 
VNML 
0.4 


VNMH 
0.7 


from 74HCT 
VNML 
0.7 
to 74HCT 
vNMH 
2.4 


Notes 


1. 4 mA load (i.e. 10 LSTTL inputs). 
2. 20 /lA load (I.e. 20 74HCT inputs). 


Whenever a 74HCT output 
drives either an LSTTL 
or a 
74HCT 
input, 
the 
noise margin 
is better 
than when 
an 


LSTTL 
device drives 
an 
LSTTL 
or 
74HCT 
input. 
This 


improvement 
is larger for 
VNMH 
owing 
to 
the superior 
output 
sourcing current 
of the rail·to-rail 
HCMOS output 


swing compared with the limited totem·pole 
pull-up output 
voltage of LSTTL. 


As for static noise immunity, 
dynamic 
noise immunity 
can 


be divided into two parts: 


a dynamic noise margin LOW 
- 
a dynamic noise margin HIGH. 
For 74HC devices, both margins are similar; for 74HCT 
devices, the dynamic 
noise margin 
LOW is the smaller of 


the two. To plot 
it, a pulse of known 
magnitude, 
Vp, is 
applied to the input 
of a device and its width, 
tw, 
is in· 


creased until 
the device just begins to switch. 
The input 
level on which V p is based is equal to the switching voltage 
minus the worst-case static 
noise margin 
LOW. The pulse 


width 
is measured at half pulse height, Vp/2. 
The rise and 
fall times, tr and tf are 0.6 ns. 
Vp is then reduced in increments and tw 
for each new 
value is ascertained. 


The test is repeated for different 
supply voltages - 
for 
74HC devices between 2 V and 6 V, and at 5 V for 74HCT 
devices. A 
range of 
output 
currents, 
10, are also used. 


Increasing the DC load reduces the dynamic noise immunity. 


Figure 44 shows the amplitude 
of positive-going pulses 
that 
can be withstood 
in the 
LOW state for 
74HC and 
74HCT devices. The curves are worst-case ones with fully- 
loaded drivers, so a system using only 
74HC or 74HCT 
devices will 
have 0.23 V 
more noise margin 
for all 
tWo 


For 
typical 
input 
switching 
thresholds 
of 
1.4 V and 


2.25 V for 
74HCT 
(VCC ~ 5 V) and 74HC 
(Vee ~ 4.5 V) 
respectively, the noise margins will beO.83V 
[(1.4-0.8)+ 
0.23 VI 
larger 
for 
74HCT 
and 
1.13 V 
[(2.25 - 
1.35) + 
0.23 V] larger for 74HC devices. 


The main causesof unwa'nted input pulses are spikes due 
to 
outputs switching, 
which 
dumps large currents on the 
GND 
lines, or 
reflections 
when 
long lines (longer than 
about 
32 cml 
are driven. 
For 
more information 
on the 
latter, 
see chapter 
'Replacing 
LSTTL 
and driving 
trans- 


mission lines'. 


The best example of an unwanted 
pulse generator is an 
octal device with 
bus outputs 
of which seven are switching 
simultaneously and the eighth, most remote, output 
is LOW. 


Figure 45(a) shows the maximum 
pulse voltage measured 
on the unswitched output 
of a 74HC/HCT374 
asa function 


of V CC. Figures 45(b) and 45(c) show this maximum volt- 
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age and 
the 
pulse 
width 
as functions 
of the 
number 
of out- 


puts 
that 
are 
switching. 
It should 
be emphasised 
that 
any 


pulses 
produced 
by 
switching 
outputs 
won't 
cause 
other 


devices 
to 
respond 
even 
in worst-case 
conditions_ 
This 
is 


because 
Fig.44 
is 
based 
on 
a 
worst-case 
VOL 
and 
the 


Vp 
61 


(V'I 


3~ 
:t'-----'--~~~ 
1 
10 
12 
14 
16 


tw 
(l"Isl 


maximum 
expected 
pulse 
height 
of 
Fig.45 
occurs 
for 
a 


best-case 
VOL' 
So, 
even 
when 
a pulse 
of 
the 
maximum 


expected 
height 
shown 
in 
Fig.45 
occurs, 
there 
is still 
a 


noise 
margin_ 
This 
can 
be 
verified 
by 
plotting 
the 
pulse 
heights 
of 
Fig.45 
on 
the 
curves 
of 
Figs 44(a) 
and 
44(bl. 
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Fig.44 
Amplitude 
of 
the 
positive-going 
pulses 
that 


can 
be withstood 
in the 
LOW state 
(worst-case, 
fully- 
loaded 
driver) 
for 
(a) 
74HCT 
devices 
and 
(b) 
74HC 


devices. 
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Fig. 45 
(a) Amplitude 
of the voltage 
pulse 
(on pin 2, the 
most 
remote) 
due to switching 
seven 
of the 
bus-driver 
outputs 


of 
a 74HC/HCT374 
octal 
flip-flop; 
CL = 150 pF, 
Tamb = 25 ·C. 
(b) 
Amplitude 
of 
the 
voltage 
pulse 
(on 
pin 
2) as a 


function 
of the 
number 
of outputs 
switched; 
VCC = 5 V, CL = 150 pF. 
(c) Pulse 
width 
as a function 
of the 
number 
of 


outputs 
switched; 
V CC = 4.5 to 6 V, CL = 150 pF. 
For 
V CC = 2 V, the 
maximum 
expected 
pulse 
width 
is about 
10 ns_ 
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Definition 


Often 
the 
terms 
'buffer 
devices', 
'buffered 
inputs' 
or 


'buffered 
outputs' 
are 
used 
without 
qualification 
and 


originate 
from 
the 
very 
first unbuffered 
CMOS 
logic family 


consisting 
of 
one-stage 
logic 
elements, 
usually 
gates. 
In 


these 
devices, 
both 
input 
switching 
levels 
and 
output 


impedances 
were 
not 
constant, 
so 
neither 
were 
output 


rise/fall 
times 
or propagation 
delay 
times. 
The Jedec 
JC40.2 


committee 
define 
a buffered 
device 
to be at least two 
active 


stages 
with 
the 
output 
incependent 
of 
the 
input 
logic 


voltage 
level and 
independent 
of the number 
of inputs 
that 


are HIGH 
or LOW. 


A buffer 
meeting 
this 
definition 
is the 
AND-function 


circuit 
of Fig.46. 
The gain between 
input 
and output 
is high 


enough 
to consider 
the output 
impedance 
to be independent 


of the 
logic 
level at the 
input, 
and the output 
impedance 
is 


not 
affected 
by the state 
of the 
logic inputs. 


Fig. 46 
The 
minimum 
number 
of stages for a buffered 


device 
is two. 
This 2-stage example 
is an AND function. 


All 
74HC 
and 
74HCT 
devices 
comprise 
at 
least 
two 


stages 
to 
minimize 
any 
pattern 
sensitivity 
of 
propagation 


delay 
time. 
Buffering 
also 
improves 
static 
noise 
immunity 


due 
to 
increased 
voltage 
gain, 
giving 
almost 
ideal 
transfer 


characteristics. 


The 
designation 
74HCU 
s used 
to 
denote 
single-stage 


devices. 
These 
have 
the 
same 
specification 
as 74HC 
devices 


but 
their 
input 
and 
output 
voltage 
parameters 
are 
relaxed. 


74HCU 
devices 
don't 
have 
the 
high 
gain 
of 
74HC/HCT 


versions, 
which 
makes 
them 
more 
suitable 
for use in RC or 


crystal 
oscillators 
and 
other 
feedback 
circuits 
operating 
in 
the 
linear 
mode. 


Output buffering 


All 
74HC 
and 
74HCT 
devices 
have 
buffered 
outputs 
for 


optimum 
performance. 
To 
demonstrate 
the 
benefits 
of 


output 
buffering, 
consider 
what 
would 
happen 
without 
it. 


In 
the 
single-stage 
device 
shown 
in 
Fig.47, 
the 
output 


impedance 
depends 
on the 
DC input 
voltage. 
Consequently, 


the 
noise 
margins 
at the 
output 
become 
a function 
of the 


input 
voltage, 
even 
when 
V I is a legal HIGH 
or LOW level. 


The 
steady-state 
impedance 
of the 
circuit 
of 
Fig.4 7 is 


also 
affected 
by the 
state 
of the 
inputs. 
Given 
that 
Pl 
and 
P2 have 
identical 
performances 
(same 
size), 
there 
are two 


values 
of 
impedance 
for 
output 
HIGH; 
one 
when 
either 


input 
is LOW 
and 
Pl 
or 
P2 conducts, 
and 
another 
when 


both 
inputs 
are 
LOW and 
both 
Pl 
and 
P2 conduct. 
There- 


fore, 
without 
output 
buffering, 
the 
state 
of 
output 
con- 


duction 
depends 
on 
the 
number 
of 
inputs 
that 
are 
HIGH 


or LOW. 


Input buffering 


An 
input 
is considered 
to 
be 
buffered 
when 
its switching 


threshold 
is unaffected 
by the 
logic states 
of other 
inputs. 
In the 
example 
of 
Fig.47 
that 
has 
unbuffered 
inputs, 
the 


switching 
threshold 
of 
input 
1 varies 
with 
a HIGH 
level 
at 


input 
2, and vice versa. 
This is because 
the series 
impedance 


of transistors 
N 1 and N2 determines 
the switching 
threshold 
of the 
device. 
The 
result 
can 
be seen in Fig.48 
where 
curve 


1 + 2 
occurs 
when 
the 
two 
inputs 
are 
tied 
together, 
and 


curve 
1 or 
2 is the 
switching 
threshold 
when 
the 
accom- 


panying 
input 
is at V CC. 


For 
true 
input 
buffering, 
an input 
must 
have an inverter 


stage 
with 
sufficient 
gain 
to 
ensure 
that 
logic 
levels 
give 


independent 
on-chip 
levels. 
Some 
gates 
in the 
74HC 
series 


(usually 
AND or OR gates) 
have unbuffered 
inputs, 
however 


all 
devices 
meet 
the 
family 
logic 
level 
requirements. 
All 
74HCT 
devices 
have buffered 
inputs. 
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Fig.48 
Example 
of different 
switching 
levels 
in un- 


buffered 
inputs. 


When 
HCMOS 
devices 
are 
used 
in 
RC, 
crystal 
or Schmitt 


trigger 
oscillators 
or in analog 
amplifiers: 


a supply 
voltage 
of 
at 
least 
3 V is required. 
Below 
this 


value, 
the 
transconductance 
of crystal 
oscillators 
is too 


low 
to 
start 
oscillations. 
In analog 
circuits, 
insufficient 


output 
current 
is available 
to drive 
external 
components; 


slow 
input 
rise and 
fall times 
cause 
the 
input 
stage 
of a 


HCMOS 
device 
to draw 
current. 
This additional 
quiescent 


supply 
current 
C.ICC 
is 
given 
in 
the 
data 
sheets 
for 


74HCT 
devices 
since 
these 
can 
be 
used 
as 
LSTTL 
re- 


placements 
and 
may 
be driving 
a significant 
load. 
The 


total 
ICC for 
74HC 
devices 
can 
be calculated 
by multi- 


plying 
the 
value 
of 
ICC read 
from 
Fig.14 
by 
the 
unit 


load 
coefficient 
given 
in the 
data 
sheet 
for 
the 
74HCT 


device; 
in 
general, 
frequency 
stabilitY 
won't 
be 
affected 
by 


supply 
voltage, 
so 
long 
as the 
permissible 
output 
cur- 


rents 
of the devices 
are not exceeded. 


For further 
information, 
see chapters 
'Crystal 
oscillators' 


and' 
Astable 
multivibrators'. 


Latch·up 
is the 
creation 
of a low-impedance 
path 
between 


the 
power 
supply 
rails caused 
by the 
triggering 
of parasitic 


bipolar 
structures 
(SCRs) 
by input, 
output 
or supply 
over- 


voltages. 
These 
overvoltages 
induce 
currents 
that 
can 


exceed 
maximum 
device 
ratings. 
When 
the 
low-impedance 


path 
remains 
after 
removal 
of 
the 
triggering 
voltage, 
the 


device 
is said to have latch-up. 


rhe 
JEDEC 
standard 
test 
being 
developed 
for 
latch-up 


specifies 
that 
the 
input/output 
current 
should 
be equal 
to 


the 
maximum 
rating 
(±20 mAl, 
and 
that 
V CC should 
also 


be not 
more 
than 
twice 
VCCmax 
(14 V) for testing 
latch-up 


immunitY 
with 
excess 
supply 
voltage. 
HCMOS 
ICs 
have 


been 
extensively 
subjected 
to the 
previously 
described 
tests 


with 
test 
parameters 
far exceeding 
those 
quoted 
by JEDEC. 


In 
no 
case 
did 
latch-up 
occur. 
For 
example, 
it has 
been 


determined 
that 
an 
HCMOS 
input 
can 
tYpically 
withstand 


continuous 
current 
(5s 
on, 
15s 
off) 
of 100mA 
to 120mA, 


or 
1J.1Spulses 
of 300 mA with 
a dutY 
factor 
of 0.001. 
An 


input 
can also withstand 
a discharge 
from 
a 200 pF capaci- 


tor 
charged 
to 
330 V. An 
HCMOS 
output 
can 
withstand 
continuous 
current 
(5 son, 
15 s off) of 200 mA to 300 mA, 


or 
1 J.1s pulses 
of 
400 
mA 
with 
a dutY 
factor 
of 
0.001. 


However, 
because 
there 
is an 
internal 
polysilicon 
100 n 


resistor 
in series 
with 
all HCMOS 
inputs, 
the 
input 
voltages 
required 
to 
achieve 
these 
current 
levels 
are 
so 
high 


(VI = VCC + 0.7 V + 1001,) 
that 
it 
is 
unlikely 
that 
they 


could 
occur 
in practice, 
even 
in a 6 V system 
with 
severe 


glitches. 
Moreover, 
beyond 
these 
current 
levels, 
excessive 


heating 
occurs 
or 
aluminium 
tracks 
or 
bond 
wires 
break- 


down. 
It is therefore 
reasonable 
to conclude 
that 
HCMOS 


logic ICs are completely 
latch-up 
free. 


For further 
information, 
see chapter 
'Standardizing 
latch- 


up immunity 
tests' 
in the Designers 
Guide, 
High-speed 
CMOS. 


74HCT 
devices 
are 
power-saving, 
drop-in 
replacements 
for 


LSTTL 
devices. 
Because 
most 
systems 
are 
operated 
at 
frequencies 
far 
below 
the 
maximum 
possible, 
74HCT 


devices 
can 
also 
be 
used 
to 
good 
effect 
in systems 
using 


ALS, AS, S, and 
FAST 
devices. 


Fan-out 
should 
be 
considered 
when 
replacing 
a TTL 


device 
by a 74HCT 
device. 
TTL 
fan-out 
is usually 
expressed 


in unit 
loads 
(ULs) 
and 
the 
load 
is specified 
to be an input 


of 
the 
same 
family. 
In fact, 
TTL 
fan-out 
is determined 
by 


the 
ability 
of 
the 
outputs 
to 
sink 
current 
(a TTL 
input 
usually 
sources 
current). 
Table 
13 
shows 
the 
fan-out 
of 


74HCT 
to the different 
TTL 
families. 


The 
fan-outs 
given 
in Table 
13 are derived 
at a voltage 


drop 
of 
max. 
0.4 V 
(VOL)' 
In 
the 
"74" 
TTL 
series, 
an 


extended 
VOL 
figure 
is often 
seen, 
e.g. 
8 mA 
at 
0.5 V 
voltage 
drop 
for 
LSTTL. 
If this 
figure 
is used 
to determine 


the 
fan-out 
of the 
TTL 
device 
it can 
result 
in a higher 
fan- 


out 
than 
is possible 
with 
74HCT. 
This 
can 
be resolved 
by 


replacing 
as many 
of 
the 
driven 
TTL 
parts 
as possible 
by 


74HCT 
devices 
to reduce 
the sink 
current 
requirement 
(the 


74HCT 
input 
current 
is 
negligible). 
In 
addition, 
power 


dissipation 
is reduced 
significantly 
by using 
74HCT. 


74HCT 
TTL 
LS 
ALS 
FAST 
S&AS 


standard 
2 
10 
20 
6 
2 


output 


bus·driver 
3 
15 
30 
10 
3 


output 
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CMOS 
is 
being 
used 
to 
an 
increasing 
extent 
in 
micro- 


processor 
bus 
systems 
following 
the 
introduction 
of 


versions 
of the popular 
NMOS 
processors_ 


There 
are several 
constraints 
imposed 
on microprocessor 


systems 
in industrial 
applications, 
such 
as electrically-noisy 


environments, 
battery-standby 
requirements 
and 
sealed, 


gas-tight 
enclosures. 
HCMO~; 
bus 
systems, 
e.g. 
the 
CMOS 


STD 
bus 
(a non-proprietary 
CMOS bus standard) 
provides 
a 


solution 
to 
all 
these 
problems. 
It 
offers 
superior 
noise 


immunity, 
equal 
operating 
speed, 
lower 
power 
dissipation, 


wider 
supply 
voltage 
range, 
extended 
temperature 
range, 


and enhanced 
reliability. 


For 
optimum 
results, 
use only 
74HC 
devices 
in circuits 


which 
communicate 
directly 
with 
the 
bus_ This 
allows 
a 


new 
bus 
termination 
to 
be 
introduced 
(see 
Fig.49(b)) 


which, 
unlike 
the conventional 
TTL bus termination, 
draws 


no heavy 
DC current 
and 
is Illore suitedto 
HCMOSoutputs. 


Vcct 


,on 


Signal 
line 


390n 


GND 


Vcc 
It 
::h 190pF/m 


~ "on 


Fig.49 
Bus terminations. 
(a) 
Conventional 
termina- 


tion 
for 
TTL 
buses. 
(bl 
Proposed 
termination 
for 
CMOS STD bus equivalents. 


The 
wider 
supply 
voltage 
range 
of HCMOS 
together 
with 


its 
lower 
power 
dissipation 
virtually 
eliminates 
problems 


caused 
by 
voltage 
drops 
along 
power 
buses 
between 
cards 


in a system. 
It is possible 
for 
a circuit 
to 
pick 
up 
severe 


noise 
spikes 
or differential 
voltages 
via an edge 
connector. 


Such 
pick-up 
can 
exceed 
the 
CMOS 
maximum 
ratings 
if 


not 
limited 
by a 10 kS1 series 
resistor 
in the 
HCMOS 
logic 


line. 
This 
will 
limit 
current 
to ±20 mA for external 
voltages 


of up to ±200 
V, however, 
for 
correct 
functioning, 
the 
DC 


input 
current 
should 
be 
kept 
below 
those 
values 
stated 
in 


'Input/output 
protection'. 
The 
recommended 
board 
edge 


input 
protection 
is shown 
in Fig.50. 


In 
the 
circuit 
of 
Fig.50. 
if 
the 
input 
diode 
current 


exceeds 
the 
maximum 
input 
current, 
a HIGH-to-LOW 
level 


shilter 
should 
be 
used 
(e.g. 
74HC4049 
or 
74HC4050). 


Fig. 50 
Example 
of the 
board 
edge 
input 
protection 


circuit. 


For 
further 
information, 
see 
chapter 
'Interfacing 
and 
protection 
of circuit 
board 
inputs'. 


Since 
HCMOS 
bus-drivers 
do not 
have built-in 
hysteresis, 


slowly-rising 
pulses 
should 
be 
avoided 
or 
devices 
with 


Schmitt-trigger 
action 
should 
be used, 
such 
as the 
flip-flop 


series 
74HC/HCT73, 
74, 
107, 
109, 
112, 
or 
the 
dedicated 


Schmitt 
triggers 
74HC/HCT14 
and 
132. 
The 
rise 
and 
fall 


times 
can 
be 
derived 
from 
the 
information 
given 
in the 


section 
'Propagation 
delays 
and 
transition 
times' 
of 
this 


User Guide. 


In 
purely 
digital 
circuits, 
the 
input 
capacitance 
or 
three- 


state 
output 
capacitance 
is 
sufficient 
to 
determi 
ne 
the 


dynamic 
characteristics. 
However, 
when 
a HCMOS 
device 


is 
used 
in the 
linear 
region, 
it 
is necessary 
to 
take 
pin 


capacitance 
into 
account, 
e.g. 
to 
prevent 
crosstalk 
in 


analog 
switches 
or peaks 
in the frequency 
response 
of PLLs. 


The 
use of SO packages 
with 
their 
low 
pin capacitances 


is recommended 
for 
HCMOS 
analog 
designs_ 
Table 
14 gives 


the 
pin-to-pin 
capacitances 
for 
the 
plastic 
DI L and 
SO 


packages 
used 
for 
HCMOS. 
Measurements 
were 
made 


using 
a dummy 
package 
with 
all unused 
pins 
connected 
to 


ground. 
'I( M.coh 
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capacitance to grou nd of: 
corner pins 


all other pins 


any end two pins 


all other pins 


any end three pins 


all other pins 


capacitance between adjacent pins: 


including a corner pin 
0.15 


all other pins 
0.04 


any end three pins 


all other pins 


any end three pins 
all other pins 


0.97 
0.37 


0.65 
1.12 


0.25 
0.40 


0.65 
1.64 


0.33 
0.65 


0.40 


0.13 


0.28 
0.49 


0.14 
0.22 


0.30 
0.70 
0.12 
0.28 


The 
power·on 
reset (POR) 
circuit 
used to automatically 
set HCMOS ICs in a defined 
reset state after power·up 
is 


shown in Fig.51. 


When the 
IC is powered-up. 
node 
A follows 
the rise of 


VCC through 
Cl 
and the circuit 
is reset. When the gate 


voltage of transistor 
N1 exceeds its threshold 
level (typically 


0.7 
V) 
because it 
is biased with 
VCC via transistor 
Pl. 
capacitor 
C1 
discharges 
and 
pulls 
node 
A 
below 
the 


switching 
level of the NOR gate. The IC cannot 
be used 
during the POR release time which is the discharge time of 


C1 (typically 
3/.1sat VCC = 4.5 V and 35/.1s at VCC = 2 V). 


The 
sensitivity 
of 
the 
POR 
circuit 
to 
supply 
voltage 
reduction 
is indicated 
in Table 
15. The typical 
values of 
parameters tw 
and V L used in Table 15 are illustrated 
in 
Fig.52. 


Fig. 52 V L as a function 
of the duration 
of a LOW 


pulse on the supply voltage. 
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Table 
15: 
Sensitivity 
of 
HCMOS 
POR 
circuitry 
to 
VCC 


reduction 


VCC (V) 


tw(/1s) 
2 
4.5 
6 


VLmax 
(VI 
VLmax 
(V) 
VLmax 
(VI 


8 
0.8 
2.2 
2.8 


6 
0.75 
2.2 
2.8 


4 
0.7 
2.2 
2.8 


2 
0.6 
2.1 
2.8 


0.5 
2.0 
2.8 


0.5 
0.4 
1.9 
2.8 


0.1 
0.4 
1.9 
2.8 


0.05 
0.4 


0.02 
0.3 


0.015 
0.15 
1.7 
2.5 


The 
time 
taken 
for 
a transition 
to propagate 
from 
R to 
o is about 
the 
time 
taken 
for the reset 
action 
to take 
effect. 


Also 
of course, 
node 
A in Fi\l.51 
must 
rise to a level above 


the 
switching 
level 
of 
the 
NOR 
gate. 
Because 
of this, 
the 


o output 
of 
the 
IC may 
initially 
follow 
the 
VCC 
ramp 
as 


indicated 
in 
Fig.53. 
If the 
VCC 
ramp 
is fast 
(typically 


less 
than 
100 
nsl, 
the 
amplitude 
of 
the 0 output 
pulse 


can 
exceed 
VCC/2 
and 
have 
a duration 
of 
about 
10 
ns. 


Normally, 
the 
0 
output 
pulse 
is negligible 
because 
the 


VCC ramp 
is slow 
(typically 
more 
than 
0.5 /1s) due 
to the 


charging 
time 
of 
large-value 
smoothing 
and 
decoupling 


capacitors. 
With 
a slow 
VCC 
ramp, 
the 
amplitude 
of 
the 


o output 
pulse 
remains 
well 
below 
the 
switching 
level 
of 


the 
succeeding 
stage. 
In any 
event, 
it is most 
unlikely 
that 
a system 
will 
be 
triggered 
by 
the 0 output 
pulse 
because 
it only 
occurs 
during 
power-up. 
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Our 
Quality 
Department 
is fully 
involved 
in all stages 
of the 


production 
cycle 
of our 
HCMOS 
family 
of logic 
ICs: 


- 
design 
and development 


- 
wafer 
fabrication 


- 
assembly 


- 
inspection 
and testing 


- 
batch 
release 


The 
result 
is a continuous 
feedback 
of data 
which 
enables 
us 
to 
refine 
design 
procedure, 
production 
conditions 
and 


test 
methods. 
By adopting 
this procedure 
we ensure 
optimum 


quality 
in the final 
application. 


Design and development 


Layout 
rules and designs 
parameters 
for our 
HCMOS 
family 
of 
ICs are 
specified 
in our 
Design 
Manual, 
which 
reflects 


more 
than 
fifteen 
years' 
experience 
in CMOS 
silicon-gate 
production. 


During 
the 
CAD 
generation 
of 
new 
circuit 
designs, 
layouts 
are 
automatically 
checked 
against 
the 
design 
rules 


laid 
down 
in 
the 
Design 
Manual. 
Each 
layout 
is further 


checked 
by 
the 
Quality 
Department 
against 
not 
only 
the 


Design 
Manual 
requirements, 
but also against 
the 
capabilities 


of 
the 
assembly 
process 
and 
product 
specifications 
(this 


forms 
part 
of 
the 
product 
release 
and 
qualification 
pro- 


cedure). 
This 
design 
check 
activity 
supplements 
our product 


knowledge 
and customer 
support 
capability. 


To 
realize 
the 
full 
performance 
potential 
of 
our 
HCMOS 


technology 
we 
have 
developed 
an organizational 
structure 


for 
the 
wafer 
fabrication 
Jrocess. 
Production 
flow 
is now 


divided 
between 
technology-oriented 
Process 
Control 
Groups 
that 
are responsible 
for: 


- 
process 
control 


- 
equipment 
engineering 


- 
calibration 


- 
contamination 
control 


- 
training. 


Activities 
of 
these 
Groups 
are 
coordinated 
by 
Process 
Engineering 
and 
supported 
by 
extensive 
data-processing 


facilities. 
The 
flow 
of wafers 
through 
the 
various 
fabrica- 


tion 
stages 
and 
the associated 
process 
controls 
are shown 
in 


QUALITY 
HCMOS 


Fig.1. 
The 
overall 
wafer 
fabrication 
activity, 
Fig.2, 
is 


monitored 
by 
frequent 
audits 
by the 
Quality 
Department. 


The 
audit 
procedures 
are 
defined 
in our 
Quality 
Manual. 


Assembly 


Quality 
control 
is 
fully 
integrated 
into 
the 
assembly 


process, 
as shown 
in Fig.3. 


Dice 
are 
assembled 
into 
packages 
on highly 
automated 


assembly 
lines. 
Fully 
automatic 
die attach 
and wire 
bonding 


ensure 
a high and consistent 
assembly 
quality. 
Tube-to-tube 


handling 
after 
moulding 
(or 
sealing, 
for 
cavity 
devices) 


ensures 
excellent 
mechanical 
and visual quality. 


There 
is a continuous 
exchange 
of information 
between 


our 
assembly 
centres. 
All aspects 
of quality 
and 
reliability 


for 
these 
assembly 
centres 
are 
controlled 
by 
the 
HCMOS 


Quality 
and 
Reliability 
department. 
These 
centres 
are 


audited 
twice 
a year. 


All HCMOS 
ICs have information 
printed 
on the 
packages, 


allowing 
us to 
trace 
failures 
back 
to their 
source 
and 
take 


corrective 
actions 
(see FigA). 


Quality 
improvement 
programme 


To develop 
quality 
awareness 
in all areas 
of our 
Integrated 


Circuit 
Group, 
we 
have 
instituted 
a 
14-step 
Quality 
Im- 


provement 
programme. 
This 
programme 
with 
its 
regular 


Quality 
College 
courses, 
is designed 
to improve 
all aspects 


of our 
IC business 
by: 


o 
Monitoring 
the quality 
of: 


- 
Rand 
0 


- 
assembly 


- 
marketing 
and sales 


- 
support 
services 


- 
stores 
and shipping. 


o 
Extending 
responsibility 
for 
error-cause 
removal 
to 


everyone 
involved 
the 
operation. 


o 
Making 
everyone 
aware 
of 
performance 
indicators. 


o 
Improving 
response 
to 
customers' 
problems 
and 
im- 


proving 
resultant 
cause 
tracing. 


o 
Continuous 
analysis 
of 
product 
performance 
to 
enable 


continual 
specification 
improvement. 


o 
Regular 
quality 
audits 
and analysis. 


We are totally 
committed 
to quality 
improvement 
and have 


adopted 
this 
programme 
to 
monitor 
quality 
levels 


throughout 
all aspects 
of our business. 
This programme 
was 


the 
stepping 
stone 
to 
our 
'zero 
defect 
warranty' 
for 
ICs. 
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Fig. 
2 
Quality 
control 
during wafer 
fabrication 
is the 


responsibility 
of 
Control 
Groups 
centred 
around 
specific 


process areas. Control 
Group 
activities 
are monitored 
by 


frequent Quality control audits. 
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Fig. 3 Flow chart of the assembly of our HCM05 SO IC., 


showing the integration 
of Quality 
control and inspection 


activities. 
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layout 
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Zero defects warranty 


Our 
'zero 
defects' 
standard 
for 
ICs 
is not 
just 
a vague 
promise; 
it 
is a sound 
undertaking 
which 
we 
back 
by 
a 


warranty 
that 
states 
'If any of our customers 
finds 
even one 


defect 
in a batch 
of our standard-function 
ICs, we will take 


the 
entire 
lot 
back 
for 
re-screening 
or 
replacement, 
pro- 


vided 
the defect 
is confirmed 
by our own tests'. 


'Zero defects' 
warranty 
- 
essential 
for customers 
using SMDs 


ICs in Small 
Outline 
packages 
(SO) 
are 
being 
increasingly 


used for automatic 
PCB assembly. 
The 'zero 
defect' 
warranty 


is an 
essential 
prerequisite 
here, 
because 
the 
packaging 
of 
SMD 
ICs does 
not 
allow 
sample 
testing. 


By introducing 
the 
'zero 
defects' 
warranty 
for our integrated 
circuits, 
we 
have 
made 
a commitment 
to 
the 
products 
of 


today 
and 
of 
the 
future 
which, 
because 
of 
their 
high 
quality, 
will 
continue 
to 
meet 
the 
increasingly 
stringent 


demands 
of the 
market. 
The 
zero 
defect 
programme 
is one 


step 
closer 
to Ship-to-Stock 
(STS) 
performance, 
where 
the 


customer 
will 
define 
the 
test 
procedure 
and 
rely 
on 
our 


outgoing 
inspection 
instead 
of instituting 
his own 
incoming 
inspection. 


New product 
release 
(see Fig.5) 


The 
Quality 
Department 
is not 
only 
involved 
in the 
design 
and 
development 
phases 
of 
new 
products, 
but 
also 
in the 
qualification 
and 
approval 
of 
new 
diffusion 
processes, 


packages 
and 
assembly 
methods. 
Improvements 
or changes 


in either 
product 
or process 
must 
be fully 
specified, 
qualified 


and 
approved 
before 
entering 
production. 
As an example, 
Table 
1 lists the 
qualification 
tests 
for a new wafer 
fabrica- 
tion 
process. 


test 
conditions 
duration 


electrical endurance 
150 °e. 6 V 
2000 h 


electrical endurance 
175 °e. 6 V 
2000 h 


THB 
85 °e, 85% RH, 6 V 
2000 h 


autoclave 
132 °e, 85% RH. 6 V 
150 h 


temperature 
cycling 
-65 °e to 150 0e 
1000 eyel. 


storage 
- 


low temperatu 
re 
-650e 
1000 h 


storage 
- 


high temperature 
1500e 
1000 h 


electrostatic 
discharge 
1.5 kn, 
100 pF.>2 
kV 
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Note to Fig.5 


1. Acceptance 
for 
type 
study 
(ATS). 
A positive 
reaction 


from 
potential 
customer/customers, 
will result 
in a study 


of available 
and future 
resources. 


2. 
Acceptance 
for type 
development 
(ATD). 
Based 
on the 


results 
of 
the 
ATS 
study, 
management 
accept/reject 
a 
product 
development 
plan. 
This 
plan 
includes 
the: 


- 
target 
performance 
specification 


- 
design 
ru les 


- 
packaging 


- 
target 
price 
per unit 


- 
planning 
activities 


- 
responsibility 


- 
investment. 


3. Approval 
for 
mask 
making 
(AFM). 
Approval 
to 
order 
masks 
has been 
granted. 
The 
product 
design 
and 
photo- 


masks 
have 
been 
coded 
and 
documented 
(including 
tapes). 


4. 
Process 
acceptance 
by 
manufacturing 
(PAM). 
Based 
on 
the 
results 
of 
a study 
into 
the 
design, 
manufacturing 


capability 
and 
reliability 
of 
the 
device, 
approval 
is 


granted/rejected. 
PAM also includes: 


- 
study 
of available 
resources 


- 
yield 
plan 


- 
load plan 
(for capacity 
calculations). 


5. Tentative 
device 
specification 
(TDS). 


6. 
Approval 
for 
pre/pilot 
production 
(APP). 
APP 
is given 


when 
factory 
production 
is technically 
and economically 


feasible. 
Some 
restrictions 
still remain: 


- 
limited 
quantity 


- 
limited 
quality 
assurance 


- 
certain 
aspects 
of production 
unproven. 


7. 
Approval 
for 
delivery 
(AFD). 
Unrestricted 
delivery 
(delivery 
is 
unaffected 
by 
the 
restrictions 
mentioned 


in note 
6). 


8. 
Final device 
specification 
(FDS). 


Following 
the 
100% 
final 
electrical 
test, 
each 
lot 
of 
our 
HCMOS 
ICs 
is sampled 
by 
the 
Quality 
Department 
for 


Acceptance 
testing. 
In Group 
A, a complete 
inspection 
over 


the 
rated 
temperature 
range 
is performed 
on each 
IC, see 
Table 
2. 


TABLE 2 


100% 
final 
electrical 
tests 


AQL 
(combined 
I 
(%) 


Electrical 
parameters 
include 
all those 
quoted 
in the 
data 
sheet; 
visual 
and 
mechanical 
inspection 
includes 
marking 


legibility, 
straightness 
of 
leads, 
plating 
and 
appearance. 


A further 
sample 
is drawn 
weekly 
from 
each 
structurally 


similar 
group 
of 
ICs 
and 
subjected 
to 
Group 
B testing: 


- 
dimensions 


- 
solderability 


- 
temperature 
cycling 
(10 cycles) 


- 
electrical 
endurance 
(168 
h at 125 °C). 


For 
a more 
comprehensive 
quality 
test, 
each 
structurally- 


similar 
group 
is further 
sampled 
quarterly 
and subjected 
to 


Group 
C Tests 
(see 
Table 
8). THB 
and 
endurance 
tests 
of 


longer 
than 
1000 
h are 
performed 
to 
examine 
long-term 


effects. 


Every 
reject 
found 
by us or returned 
by a customer,' 
is 


subjected 
to 
in-depth 
failure 
analysis 
using 
the 
most 
com- 


prehensive 
and 
up-to-date 
equipment. 
The 
results 
obtained 


provide 
valuable 
data 
that 
is used 
for the continual 
product 


improvement_ 


ELECTROSTATIC 
DISCHARGE 
(ESD) 


PROTECTION 


The 
improved 
CMOS 
technology 
used 
for 
our 
HCMOS 


families 
allows 
polysilicon 
resistor 
structures 
to 
be used 
at 


all inputs 
to slow 
down 
fast input 
transients 
due to electro- 


static 
discharges 
and dissipate 
some 
of their 
energy. 
Despite 


the 
protection 
provided 
by these 
resistors, 
and 
the 
use of 
two 
stages 
of 
diode 
clamping, 
Fig.6, 
the 
usual 
CMOS 


handling 
precautions 
should 
still 
be 
observed 
(see 
the 


section 
'Handling 
Precautions'). 
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ESD 
resistance 
of our 
HCMOS 
ICs is measured 
for both 


positive 
and 
negative 
discharges 
from 
a 100 
pF 
capacitor 


through 
a 1.5 
k resistor. 
Pulse 
rise time 
is 13 ± 2 ns. All 


input 
pins 
can 
withstand 
a discharge 
of 2.5 
kV 
(typ.). 
The 


output 
pins 
can 
withstand> 
3.5 
kV (typ.) 
due to the 
large 


diodes 
formed 
by the drain 
surface 
of the output 
transistors. 


The 
results 
from 
Quality 
Department 
Acceptance 
testing 
provide 
a good 
indication 
of the 
outgoing 
quality 
of 
our 


HCMOS 
ICs. 
Figure 
7 shows 
the 
reject 
levels 
recorded 
in 


ppm 
(parts 
per 
million) 
for the years 
1984 
to 
1986 
and the 
first 
nine months 
of 1987. 


ENDURANCE 
AND 
RESULTS 


Temperature-hu mid ity-bias 


TH8 
testing 
indicates 
the moisture 
resistance 
of plastic 
01 L 


and 
SO packages. 
It is performed 
at 85 0C and 85% relative 


humidity 
with 
VCC = 6 V. Electrical 
measurements 
(against 


the 
Device 
Specification) 
are 
made 
after 
168 
h, 
500 
h, 


1000 
h, and every 
1000 
h thereafter. 
Functional 
failures 
are 


subjected 
to failure 
analysis. 


Results 
from 
tests 
carried 
out 
up 
to 
September 
1987 


(Table 
3) 
show 
the 
excellent 
moisture 
resistance 
of 
our 
packages, 
even after 
extended 
tests 
durations. 


Results 
of 
TH8 
testing 
confirm 
that 
there 
is no signifi- 


cant 
difference 
between 
the 
results 
of tests 
on 
ICs in 01 L 


and SO packages. 
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TABLE 
3 


Temperature-humidity-bias 
(85 0C/85% 
RH/6 V) 


OiL 
package 


test 
failure 
(cum,) 
cumulative 
failure 
(%) 
time 
sample 


(h) 
IN) 
parameter 
function 
parameter 
function 


170 2112 
0 
1 
0.0 
0.05 


500 2092 
0 
1 
0.00 
0.05 


1000 
1875 
1 
1 
0.05 
0.05 


2000 
1275 
1 
2 
0.08 
0.16 


4000 
575 
0 
2 
0.00 
0.35 


6000 
159 
0 
1 
0.00 
0.63 


8000 
60 
0 
1 
0.00 
1.67 


Failure analysis of rejects: 


170 h, function 
failure: 
1 x open aluminium 
track 


1000 h. parametric 
failure: 
1 x gate breakdown 
(oxidization) 


2000 h, function failure: 
1 x open contact. 


SO package 


test 
failure 
(cum.) 
cumulative 
failure 
(%) 
time 
sample 


(h) 
IN) 
parameter 
function 
parameter 
function 


170 790 
0 
0 
0.00 
0.00 


500 
750 
0 
0 
0.00 
0.00 


1000 670 
0 
0 
0.00 
0.00 
2000 
650 
0 
1 
0.00 
0.15 


4000 
370 
1 
0 
0.27 
0.00 


8000 
20 
0 
0 
0.00 
0.00 


Failure analysis of rejects: 


2000 
h, function 
failure: 
1 x open contact 
4000 
h, function 
failure: 
1 x lee 
leakage. 
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Fig. 7 
Process average reject levels On ppml for (a) electrical 


parameters 
and functions 
combined 
(b) function 
only; 
(el mechanical 
and visual defects. 


Autoclave 
with 
bias 


This is essentially a THB test with an accelerated 
factor of 


30, this means that 
120 hours' 
autoclave 
is comparable 


with 3600 hours' THB. We have extended the conventional 
autoclave 
test 
to include 
6 V bias at a temperature 
of 
133 °C in unsaturated 
steam at a relative humidity of 85% 


and a pressure of 250 kPa (2.5 atmospheres). 
The results 
given in Table 4 attest 
to the 
excellence 
of the silicon· 
nitride/Vapox 
protection 
layer 
and 
the 
excellent 
work· 
manship of the package. 


Accelerated 
life testing 


To obtain data for failure rate predictions 
quickly, 
some 
life tests are performed 
at elevated temperatures. 
ICs are 
powered 
by 
their 
maximum 
supply 
voltage; 
ambient 
temperature 
is up to 125/150 °c for ICs in plastic packages 
and 
175/225 
°C 
for 
ICs in special/ceramic 
evaluation 
packages. 
Function 
and electrical 
parameters 
are tested 
before the life tests starts, 
and then 
after 48 h, 168 h, 
1000 h, and every 1000 h thereafter. 
Every failure found is 
analysed. A large number of 74HC and 74HCT types were 
tested and the results are shown in Tables 5 and 6. 


Tables 5 and 6 show the excellent quality level obtained 
by us over the last few years. Table 6 is a derated (derated 
to 50 0C version of Table 5. 


The effect on failure rates by the use of different activa- 


tion energies is shown in Fig.8. 


____ 
J 


OIL package 


test 
time 
sample 


Ih) 
IN) 


60 
1477 


120 
1147 


180 
922 


240 
822 


300 
792 


360 
762 


420 
702 


480 
682 


540 
578 


600 
518 


660 
458 


720 
458 


840 
189 


960 
140 


1080 
120 


1200 
120 


1320 
120 


1440 
60 


1560 
30 


QUALITY 


HCMOS 


TABLE 
4 


Temperature-humidity-bias: 
133 oC/85% RH/6 V 


failure (cum.l 
cumulative 
failure 
(%) 


parameter 
function 
parameter 
function 


0 
1 
0.00 
0.07 


0 
2 
0.00 
0.17 


1 
3 
0.11 
0.33 


1 
3 
0.12 
0.36 


1 
4 
0.13 
0.51 


1 
5 
0.13 
0.66 


0 
3 
0.00 
1.28 


0 
4 
0.00 
0.59 


0 
3 
0.00 
0.52 


0 
1 
0.00 
0.19 


0 
1 
0.00 
0.22 


0 
1 
0.00 
0.22 


0 
'2 
0.00 
1.06 


0 
0 
0.00 
0.00 


0 
0 
0.00 
0.00 


0 
0 
0.00 
0.00 


0 
0 
0.00 
0.00 


0 
0 
0.00 
0.00 


0 
0 
0.00 
0.00 


Failure analysis of rejects: 


60 h. function 
failure: 
120 h, function 
failure: 
180 h, parametric 
failure: 


1 x internal corrosion 
1 x source~rain 
leakage 


1 x parametric failure (electrically 
good after decapsulation) 


1 x internal corrosion 
1 x internal corrosion 


1 x I CC leakage 


1 x lee leakage 
:1 x open gate 


# 
x Ice leakage 
,. x internal corrosion. 


300 h, function 
failure: 


360 h, function 
failure: 


420 h, function 
failure: 


test 
failure (cum.) 
cumulative failure 
(%l 


time 
sample 


(h) 
IN) 
parameter 
function 
parameter 
function 


60 
1112 
0 
4 
0.00 
0.36 


120 
1112 
3 
4 
0.27 
0.36 


180 
877 
2 
4 
0.23 
0.45 


240 
827 
2 
3 
0.24 
0.36 


300 
792 
2 
2 
0.25 
0.25 


360 
550 
0 
0 
0.00 
0.00 


420 
530 
0 
0 
0.00 
0.00 


480 
500 
0 
1 
0.00 
0.20 


540 
450 
7 
4 
1.56 
0.89 


600 
450 
8 
5 
1.78 
1.11 


720 
270 
0 
1 
0.00 
0.37 


840 
80 
0 
1 
0.00 
1.25 


960 
30 
0 
1 
0.00 
3.33 


Failure 
analysis of rejects: 


60 h, function 
failure: 
2 x bond pad corrosion 
1 x broken lead 
1 x I CC leakage 
120 h, parameter 
failure: 
1 x 3-state 
leakage 


1 x open aluminium 
track 


1 x cracked 
die 
480 h. function failure: 
1 x Iee 
leakage 
540 h, parameter failure: 
7 x lee 
leakage 
function failure: 
2 x bondpad corrosion 


1 x damaged during 
decapsulation 
600 h. function failure: 
, x I CC leakage 
parameter failure: 
1 x Ice leakage 
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TABLE 
5 


Life results 
tests; 
6 V 


failures/samples 
test 
duration 


package 
types 


and temperature 
170 
500 
1000 
2000 
4000 
8000 
12000 
failures 


Plastic 01 L 
125 
0/220 
0/104 
0/27 
parametric, 


150 
0/2333 
0/2333 
1/2173 
1/1393 
1/873 
1/497 
0/80 
1 x lee leakage 


Ceramic 
OIL 
parametric 
175 
0/386 
1/386 
1/386 
2/386 
2/220 
1/140 
threshold 
P-ehannel; 


225 
0/48 
0/48 
0/48 
0/24 
2000 h, 1 x lee leakage 


Plastic 
SO 
function 


125 
0/157 
0/77 
0/77 
1 x gate oxide breakdown 


150 
4/1102 
3/1062 
3/982 
3/942 
3/606 
2/296 
1 x overstress 


TABLE 
6 


Static 
and dynamic 
test 
failure 
rates 
(Ea = 0.7 eV); bias vo1tage = 6 V 


device hours 
failure 
rate 


at test 
device hours 
failure rate 
at 50 DC with 


temperature 
lot 
temperature 
at 50 0e 
failures 
at 50 °e 
60% VeL 
loel 
1106) 
(106) 
110·9/hr) 
(10·9/hr) 


Plastic 01 L 
125 
220 
0.09 
9.7 
0 
< 102.63 
94.04 
150 
2333 
7.70 
2941.4 
1 
0.34 
0.69 


2951.1 
0.34 
0.96 


Ceramic OIL 
175 
386 
1.77 
1976.6 
4 
2.02 
2.65 
225 
48 
0.06 
445.7 
0 
2.24 
2.06 


2951.1 
4 
1.65 
2.16 


Plastic 
SO 
125 
157 
0.09 
10.4 
0 
< 96.53 
88.45 
150 
1102 
4.37 
1668.1 
4 
2.40 
3.14 


1678.5 
4 
2.38 
3.13 


total 
7051.9 
9 
1.28 
1.49 
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Fig.8 
Projected 
failure 
r,ues for our HCMOS 
ICs as 


a function 
of temperature. 
with 
activation 
energy 
as 
parameter. 


Temperature 
cycling 


Cycling 
between 
-65 0C and +150 0C generates 
stresses 
that 


test the structural 
integrity 
of die and packages. 
We perform 


this test according 
to the requirements 
of the MI L-STD-883C, 


Method 
1010, Condition 
C. 
Samples 
are 
checked 
before 


and 
after 
the 
test 
for 
function 
and 
electrical 
parameters 


against 
the 
published 
values. 
Two 
failures 
have 
been 
ob- 


served 
in 1200 cycles, 
as reported 
in Table 
7. 


TABLE 7 
Temperature 
cycling: 
-(j5 0C to +150 0C in dry air 


DIL 
SO 


no. of cycles 
samples 
failures 
samples 
failures 


(cum.) 
!cum.) 


200 
1686 
0 
1183 
0 


400 
1492 
0 
1118 
0 


800 
997 
0 
1038 
1 


1200 
360 
0 
616 
2 


1600 
195 
0 
310 
0 


2000 
195 
0 
288 
0 


2400 
195 
0 


failures: 
2 x crack die 
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Conditions 
for the 
endurance 
tests 
performed 
regularly 
on 


structural 
similarity 
groups 
of our 
HCMOS 
ICs are derived 


from 
IEC68 
and 
M IL-STD·883C 
specifications. 
These 
are 


listed 
in Table 
8. 


TABLE 
8 


Periodic 
reliability 
test 
programme 


dimensions 


marking 


robustness 
of terminations 


- 
tensile 


- 
bending 


- 
lead fatigue 


temperature 
treatment 
(sequential) 


- 
resistance 
to soldering 
heat 
(105 
at 300 
DCl 


- 
thermal 
shock (10 x 0 DC to 100 DCl 


- 
temperature cycling (10 x -65 
DC to 150 eCl 


- 
storage to 85 DC and 85% RH for 21 days 


THB (B5 °C/B5% 
RH/6 
V11000h) 


electrical endurance 
1000 h at 125 ac 


temperature 
cycling 
(200 
x --65 
DC to +150 
DC) 


storage 
endurance 
1000 
h at Tamb 
:: 150 
DC 


storage 
endurance 
1000 
h at Tamb 
:: -65 
DC 


transient energy 


salt mist 


solderability 


autoclave 
121 °C/100% 
RH/60 
h 


68-2-21 


Test 
Ua 


Test 
Ub 


Test 
Ub 


condition 
A 


condition 
B1 


condition 82 


68-2-27 
Test 
Nc 


68-2-87 
Test Na 


1011 condition 
A 


1011 condition 
A 


1004 


1005 


1010 condition C 


1008 condition 
C 


68-2-14 
Test 
B 


68-2-2 
Test 
Ba 


68-2-1 
Test Ab 


68-2-11 
Test 
Ka 


68-2-20 
Test T 


3015 


1009 condition 
A 


2001 


CECC QUALIFIED 
PRODUCTS 


Introduction 


The 
CECC 
Quality 
System, 
which 
dates 
from 
1973, 
facili- 


tates 
international 
trade 
by the 
publication 
of harmonized 


specifications 
and 
quality 
assessment 
procedures 
for 
elec- 


tronic 
components. 
CECC approval 
is issued 
by independent 


nationally 
recognized, 
National 
Supervisory 
Inspectorates 


(NSI). 
Our 
HCMOS 
quality 
control 
programme 
is based 
on 


the 
rules 
and 
procedures 
laid down 
by the 
CECC 
and 
our 


manufacturing 
activities 
have 
received 
official 
CECC 


approval. 


Our 
HCMOS 
ICs are qualified 
to the generic 
specification 


CECC 
90 
000 
(latest 
issue) 
and 
the 
family 
specification 


CECC 90 109. 


• 
ICs wholly 
manufactured 
in CECC 
approved 
premises. 


• 
ICs 
released 
by 
an 
Inspection 
Organisation 
which 
is 


approved 
by the National 
Supervising 
Inspectorate 
(NSIj. 


• 
ICs released 
in accordance 
with 
CECC 
adopted 
specifi- 


cations. 


• 
Mandatory 
sample 
life 
tests 
and 
environmental 
tests. 


• 
Delivery 
in packages 
which 
are sealed 
with 
the 
mark 
of 


conformity 
under 
supervision 
of the NSI. 


• 
Certified 
test 
records 
compiled 
every 
six 
months 
and 


available 
on request. 


• 
Audits 
of the production 
facilities 
by the 
NSI. 
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CECC 
is a scheme 
for 
providing 
electronic 
components 
of 
an assessed 
quality 
which 
is controlled 
by the 
NSI. 
It is set 


up 
by 
the 
CENELEC 
(European 
Committee 
for 
Electro- 


technical 
Standardizationi, 
Electronic 
Components 
Com- 


mittee 
(CECC) 
and 
the 
International 
Electrotechnical 


Commission 
(IEC). 


The 
CECC 
scheme 
includes 
two 
essential 
features 
of any 


Quality 
Assurance 
Scheme: 


- 
a specification 
system 


- 
a certification 
procedure 
supported 
by 
an 
independent 


inspectorate. 


The CECC scheme 
operates 
essentially 
in three 
parts: 


Part 
1; the 
plant 
qualification. 
Part 2; the device 
specification. 
Part 3; quality 
conformance 
inspection 
of deliveries. 


Established 
to the 
satisfaction 
of the 
NSI that 
the 
organiza- 
tion 
has adequate 
quality 
systems, 
procedures 
and standards 
to 
control 
the 
manufacturing 
of electronic 
components 
to 


the 
minimum 
standard 
as 
defined 
in 
the 
CECC 
system. 


Established 
by 
demonstration 
to the 
NSI that 
the 
ICs can 
meet 
the 
requirements 
of 
detail 
specifications 
which 
are 


prepared 
in 
accordance 
with 
the 
CECC 
systems. 
This 
is 


accomplished 
by 
performing 
the 
qualification 
activity. 


Established 
by 
lot-by-Iot 
and 
periodic 
sampling 
basis 
such 
that 
the 
ICs 
conform 
to 
the 
specification 
to 
which 
they 


were 
initially 
qualified. 
Data 
on 
the 
results 
of 
these 
tests 


are provided 
as Certified 
Test 
Records 
(CTRsl. 
certified 
by 


a representative 
of 
the 
NSI 
and 
published 
at six-monthly 
intervals. 


CECC - QUALIFICATION 
FEATURES 


Lot-by-Iot testing 
Group A inspection 


Group 
A 
prescribes 
the 
visual 
examination 
and 
electrical 
lot-by-Iot 
measurements 
to 
assess 
the 
principal 
electrical 


properties 
of 
a circuit 
(se" 
CECC 
00 
107). 
Group 
A in- 


spection 
is divided 
into 
appropriate 
Sub-Groups. 


QUALITY 
HCMOS 


Group B inspection 


Group 
B prescribes 
the 
lot-by-Iot 
procedures 
to 
be used 
to 
assess 
certain 
additional 
properties 
of the 
IC. 
It includes 


environmental 
and 
endurance 
tests 
which 
can 
be 
com- 


pleted 
in less than 
a week 
(see 
CECC 
00 
107). 
Group 
B 


inspection 
is divided 
into 
appropriate 
Sub-Groups. 


Periodic tests 


Group C inspection 


Group 
C prescribes 
the 
procedures 
to be used 
on a periodic 


basis 
to 
assess 
certain 
additional 
properties 
of 
the 
IC. 
It 


includes 
environmental 
and 
endurance 
tests 
which 
are 


appropriate 
for checking 
at intervals 
of 3 months. 
Group 
C 


inspection 
is divided 
into 
appropriate 
Sub-Groups. 


Group D inspection 


Group 
D prescribes 
the 
procedures 
to be used on a periodic 


basis at intervals 
of 12 months. 


• 
Raise detail 
specification 
with 
appropriate 
rules. 


• 
Detail 
specification 
approved 
by NSI and NAI 
(National 
Authorized 
Institution). 


• 
Submit 
3 separate 
lots for qualification. 


• 
Pass 
all 
Group 
A 
and 
B tests 
on 
each 
of the 
3 lots. 


• 
Pass all Group 
C test 
on 
a combined 
sample 
from 
the 


3 lots. 


• 
Pass 
all 
Group 
C 
tests, 
except 
Test 
C8 
(endurance). 


• 
Pass 
C8 
endurance 
test 
at 
2000 
hours. 
Submit 
test 
records 
countersigned 
by 
supervising 
inspector 
and 
apply 
for provisional 
approval. 


Our 
HCMOS 
ICs are available 
up to the 
highest 
assessment 


level 
P. Products 
qualified 
by the 
CECC 
are recognized 
by 


the 
symbol 
(CECC 
symbol) 
on the 
individual 
data 
sheets 
in 


this 
handbook 
and 
in the 
Qualificatied 
Parts 
List 
(Q.P. L.) 


CECC 
00 
200 
(latest 
issue), 
which 
is available 
at 
the 
Na- 


tional 
Authorized 
Institutions. 
The 
appropriate 
details 
specification 
number 
is also given. 
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GENERAL 


These 
family 
specifications 
cover the common 
electrical 
ratings 
and characteristics of the entire HCMOS 74HC/HCT/HCU 
family, 
unless otherwise 
specified 
in the individual 
device 
data sheet. 


INTRODUCTION 
The 74HC/HCT/HCU high-speedSi-gateCMOS logic family 
combines the low power advantagesof the HE40008 family 
with the high speedand drive capability of the low power 
Schottky TTL (LSTTL). 


The family will have the samepin·out asthe 74 seriesand 
provide 
the same circuit 
functions. 


In these families 
are included 
s8'/eral 
HE4000B 
family 
circuits 


which 
do not have TTL 
counterparts, 
and some special circuits. 


The basic family 
of buffered 
devices, 
designated 
as 


XX74HCXXXXX, 
will operate at CMOS input logic levels for 


high noise immunity. 
negligible 
typical 
quiescent 
supply 
and 


input 
current. 
It is operated 
from 
a power 
supply 
of 2 to 6 V. 


FAMILY 


SPECIFICATIONS 


A subsetof the family, designatedas XX74HCTXXXXX, 
with the same features 
and functions 
as the "He-types", 
will 


operate at standard TTL power supply voltage (5 V ± 10%) 
and logic input levels (0.8 to 2.0 V) for useas pin-to·pin 
compatible 
CMOS 
replacements 
to reduce 
power 
consumption 


without 
loss of speed. These types are also suitable 
for converted 
switching from TTL to CMOS. 


Another subset, the XX74HCUXXXXX, 
consistsof single-stage 
unbuffered CMOS compatible devicesfor application in RC or 
crystal controlled oscillators and other types of feedback 
circuits 
which 
operate 
in the 
linear 
mode. 


I nputs and outputs 
are protected 
against electrostatic 
effects 
in a 


wide 
variety 
of device-handling 
situations. 
However, 
to be totally 
safe, it is desirable 
to take 
handling 
precautions into account (seealso chapter "HANDLING 
PRECAUTIONS"). 


74HC 
74HCT 


SYM80L 
PARAMETER 
UNIT 
CONDITIONS 


min. 
typo 
max. 
min. 
typo 
max. 


VCC 
DC supply voltage 
2.0 
5.0 
6.0 
4.5 
5.0 
5.5 
V 


VI 
DC input voltage range 
0 
I 
VCC 
0 
VCC 
V 


Vo 
DC output voltage range 
0 
VCC 
0 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+85 
-40 
+85 
°c 
seeDC and AC 
CHAR. 
Tamb 
operatin~ 
ambien 
~ temperature 
range 
-40 
+125 
-40 
+125 
°c 
per device 


input 
rise and fall times 
1000 
VCC=2.0V 


tr,tf 
except 
for Schmitt-trigger 
inputs 
6.0 
500 
6.0 
500 
ns 
VCC = 4.5 V 


400 
VCC=6.0V 


Note 


For analog switches, e.g. "4016" 
"4051 series", "4351 series", "4066" 
and "4067", 
the specified maximum operating supply voltage 
is 10 V. 


74HCU 


SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 


min. 
typo 
max. 


VCC 
DC supply voltage 
I 2.0 
5.0 
6.0 
V 


VI 
DC input voltage range 
0 
VCC 
V 


Vo 
DC output voltage range 
0 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+85 
°c 
I seeDC and AC 
CHAR. 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+125 
°c 
per device 
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_ 


Limiting values in accordancewith the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+7 
V 


±IIK 
DC input diode current 
20 
mA 
for VI 
<-0.5 
or VI > VCC+0.5 
V 


±IOK 
DC output diode current 
20 
mA 
for Vo < -0.5 or Vo > VCC +0.5 V 


±IO 
I DC output sourceor sink 
for -0.5 
V < Vo < VCC +0.5 V 
current 
- standard outputs 
25 
mA 


- 
bus driver outputs 
35 
mA 


±ICC: 
DC VCC or GND current 
±IGND 
for types with: 
- standard outputs 
50 
mA 
- 
bus driver 
outputs 
70 
mA 


Tstg 
storage temperature range 
-65 
+150 
°c 
I 


PlOt 
power 
dissipation 
per package 
for temperature range: -40 to +125 °c 
74HC/HCTIHCU 


plastic DI L 
750 
mW 
above+70 °C: derate linearly with 12 mW/K 


plastic mini· pack (SOl 
500 
mW 
above+70 °C: derate linearly with 8 mW/K 


Note 


For analog switches, e.g. "4016", 
"4051 series", "4351 series", "4066" 
and "4067", 
the specified maximum operating:supply voltage 
is 11 V. 
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Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 
2.0 


VIH 
HIGH level input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 


14.2 
3.2 
4.2 
4.2 
6.0 


0.8 
0.5 
0.5 
0.5 
2.0 
VIL 
LOW level input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 


2.8 
1.8 
1.8 
1.8 
6.0 


I 


HIGH level output voltage 
11.9 
2.0 
1.9 
1.9 
2.0 
VIH 
-10 
= 20 p.A 
VOH 
all outputs 
4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10 
= 20 p.A 
5.9 
6.0 
5.9 
5.9 
6.0 
VIL 
-10 
= 20 p.A 


HIGH level output voltage 
3.98 
4.32 
3.84 
3.7 
4.5 
VIH 
-10 
=4.0 mA 
VOH 
standard outputs 
5.48 
5.81 
5.34 
5.2 
V 
6.0 
or 
-10 
= 5.2 mA 
VIL 


HIGH level output voltage 
3.9814.32 
3.84 
3.7 
4.5 
VIH 
-10 
=6.0 mA 
VOH 
bus driver outputs 
5.48 
5.81 
5.34 
5.2 
V 
6.0 
or 
-10 
= 7.8 mA 
VIL 


1 


LOW level output voltage 
0 
0.1 
0.1 
0.1 
2.0 
VIH 
10 = 20 p.A 


VOL 
all outputs 
0 
0.1 
0.1 
01 
V 
4.5 
or 
10 = 20 p.A 


0 
0.1 
0.1 
0.1 
6.0 
VIL 
10 = 20 p.A 


LOW level output voltage 


I 


0.15 
0.26 
0.33 
0.4 
4.5 
VIH 
'0 =4.0 mA 
VOL 
standard outputs 
0.16 
0.26 
0.33 
0.4 
V 
6.0 
or 
10 = 5.2 mA 
VIL 


LOW level output voltage 
0.15 
0.26 
0.33 
0.4 
4.5 
VIH 
10=6.0mA 


VOL 
bus 
driver 
outputs 
0.16 
0.26 
0.33 
0.4 
V 
6.0 
or 
10 = 7.8 mA 
VIL 


I 
I 


VCC 


I 


±II 
input 
leakage 
curre.,t 
0.1 
1.0 
1.0 
p.A 
6.0 
or 
GND 


I 


VIH 
Vo = VCC 
±IOZ 
3-state 
OFF-state 
current 
0.5 
5.0 
10.0 
p.A 
6.0 
or 
VIL 


or GND 


quiescent 
supply 
current 


ICC 
SSI 
2.0 
20.0 
40.0 
p.A 
6.0 
VCC 
10 = 0 


flip-flops 
4.0 
40.0 
80.0 
p.A 
6.0 
or 
10 = 0 


MSI 
8.0 
80.0 
160.0 
p.A 
6.0 
GND 
10 = 0 


LSI 
50.0 
500 
1000 
·p.A 
6.0 
10 = 0 


'I( M"oh 
1988 


FAMILY 


SPECIFICATIONS l 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 to +85 
-40 to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


4.5 


VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 


4.5 


VIL 
LOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


HIGH level output voltage 
VIH 


VOH 
4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10 = 20llA 
all outputs 
VIL 


HIGH level output voltage 
VIH 


VOH 
standard outputs 
3.98 
4.32 
3.84 
3.7 
V 
4.5 
or 
-10 =4.0 mA 
VIL 


HIGH level output voltage 
432 


1 


VIH 


VOH 
bus driver 
outputs 
3.98 
3.84 
3.7 
V 
4.5 
or 
-10 =6.0 mA 
VIL 


LOW level output voltage 


1 


01 


VIH 


VOL 
0 
0.1 
0.1 
V 
4.5 
or 
10=2OIlA 
all outputs 
VIL 


LOW level output voltage 
0.1510.26 


VIH 


VOL 
0.33 
0.4 
V 
4.5 
or 
10 =4.0 mA 
standard outputs 
VIL 


LOW level output voltage 


1 
0 
. 
16 


1 


033 


1 
I 


VIH 


VOL 
0.26 
0.4 
V 
4.5 
or 
10 = 6.0 mA 
bus driver outputs 
VIL 


I 


11.0 


I 


VCC 
±II 
input 
leakage current 
0.1 
1.0 
IlA 
5.5 
or 
GND 


VO=VCeorGND 


VIH 
per input 
pin; 


±IOZ 
3·state OFF-state current 
0.5 
5.0 
10.0 
IlA 
5.5 
or 
other 
inputs 
at 


VIL 
Vee orGND; 
10 = 0 


quiescent 
supply 
current 
SSI 
2.0 
20.0 
40.0 
IlA 
5.5 
Vee 
10 = 0 
Ice 
flip·flops 
4.0 
40.0 
80.0 
IlA 
5.5 
10 = 0 


MSI 
8.0 
80.0 
160.0 IlA 
5.5 
or 
10 = 0 


LSI 
50.0 
500 
1000 
IlA 
5.5 
GND 
10 = 0 


additional quiescent supply 
4.5 
other inputs at 
Lllee 
current 
per input 
pin for 
100 
360 
450 
490 
IlA 
to 
Vee 
Vee orGND; 
unit 
load coefficient 
is 1 
-2.1 V 
(note 1) 
5.5 
10 = 0 


Note 


1. The additional quiescent supply current per input is determined by the Alec 
unit load. which hasto be multiplied by the unit load 
coefficient asgiven in the individual data sheets.For dual supply systemsthe theoretical worst-ease(VI = 2.4 V; Vee = 5.5 V) 
specification is: Alec 
= 0.65 mA (typical) and 1.8 mA (maximum) acrosstemperature. 
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FAMILY 


SPECIFICATIONS 


Tamb (OC) 
TEST CONDITIONS 


74HCU 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 to+85 
-40 
to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.7 
1.4 
1.7 
1.7 
20 


VIH 
HIGH level input voltage 
3.6 
2.6 
3.6 
3.6 
V 
4.5 
4.8 
3.4 
4.8 
4.8 
6.0 


0.6 
0.3 
0.3 
0.3 
2.0 


VIL 
LOW level input voltage 
1.9 
0.9 
0.9 
0.9 
V 
4.5 
2.6 
1.2 
1.2 
1.2 
6.0 


1.8 
2.0 
1.8 
1.8 
2.0 
VIH 
-10=20IJ,A 


VOH 
HIGH level output voltage 
4.0 
4.5 
4.0 
4.0 
V 
4.5 
or 
-10 
= 20 IJ,A 


5.5 
6.0 
5.5 
5.5 
6.0 
VIL 
-10 
= 20 IJ,A 


1 
3 
. 
98 
4.32 
3.84 
3.7 
4.5 
VCC 
-10 
=4.0 mA 
VOH 
HIGH level output voltage 
5.48 
5.81 
5.34 
5.2 
V 
6.0 
or 
-10 
= 5.2 mA 
GND 


0 
0.2 
0.2 


I 


0.2 
2.0 
VIH 
10 = 20 IJ,A 


VOL 
LOW level output voltage 
a 
0.5 
0.5 
0.5 
V 
4.5 
or 
10 = 20 IJ,A 


a 
0.5 
0.5 
0.5 
6.0 
VIL 
10 = 20 IJ,A 


0.15 
0.26 
0.33 
0.4 
4.5 
VCC 
10=4.0mA 
VOL 
LOW level output voltage 
0.16 
0.26 
0.33 
0.4 
V 
6.0 
or 
10=5.2mA 
GND 


I 


VCC 
±II 
input 
leakage current 
0.1 
1.0 
1.0 
IJ,A 
6.0 
or 
GND 


quiescent 
supply 
current 
VCC 
ICC 
SSI 
2.0 
20.0 
40.0 
IJ,A 
6.0 
or 
10 = a 
GND 
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FAMILY 
SPECIFICATIONS 


AC CHARACTERISTICS 
FOI~ 74HC 


GND=O 
V;tr 
=tf= 
6 ns;CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tTHL/ 
output 
transition 
time 
19 
75 
95 
110 
2.0 
7 
15 
19 
22 
ns 
4.5 
Figs 3 and 4 


tTLH 
standard outputs 
6 
13 
16 
19 
6.0 


tTHL/ 
output 
transition 
time 
14 
60 
75 
90 
2.0 
5 
12 
15 
18 
ns 
4.5 
Figs 3 and 4 
tTLH 
bus driver 
outputs 
4 
10 
13 
15 
6.0 


Tamb (OC) 
TEST CONDITIONS 


74HCU 


SYMBOL 
PARAMETER 
-40 to +85 1-40 
to +125 
UNIT 
VCC 
WAVEFORMS 


+25 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tTHL/ 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 1 
tTLH 
6 
13 
16 
19 
6.0 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 8 and 9 


tTLH 
standard outputs 


tTHL/ 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Figs 8 and 9 
tTLH 
bus driver 
outputs 


January 
1986~ 
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FAMILY 


SPECIFICATIONS 


DATA J 
INPUT 
,50"" 


-l ,~ 


Cl = 
load capacitance 
including 
jig and probe 
capacitance 
(see AC CHARACTERISTICS 
for values). 
RT = 
termination 
resistance 
should 
be equal to the output 


impedance 
Zo of the pulse generator. 


SET.1 
RESET, 
~~;~~T 5_0_" 
_ 


- 
GNO 


Fig. 4 
Set-up 
times, 
hold 
times, 
removal 
times, 
propagation 
delays and the maximum 
clock 
pulse frequency 
for sequen· 


tial 
logic 
ICs. 


Notes to 
Fig. 4 


1. In Fig. 4 the active 
transition 
of the clock 
is going 
from 
LOW- 


to-HIGH 
and the active 
level of the forcing 
signals (SET, 
RESET 


and PRESET) 
is HIGH. 
The actual 
direction 
of the transition 
of 


the clock 
input 
and the actual 
active 
levels of the forcing 
signals 


are specified 
in the 
individual 
device data sheet. 


2. For AC measurements: 
tf = tf = 6 ns; when 
measuring 
fmax. 


there 
is no constraint 
on tr• tf with 
50% duty 
factor. 


CL = 
load capacitance 
including 
jig and probe 
capacitance 


(see AC CHARACTERISTICS 
for values). 


Rr = 
termination 
resistance 
should 
be equal 
to the output 


impedance 
Za of the pulse generator. 


~ 


lO:LZl 
-I 'PZL 
GNO 


OUTPUT 
LOW-IO-OFF 
I 
50~ 


OFF-lo·LOW 
' 
I 
1O~ 


1- 
IpHZ.........•. 
- 
IPZH- 


50~ 


""P"" _1__ 
OUtouts 
OUtpu!S 


enabled 
disaoled 
enabled 


TEST 
SWITCH 


tpZH 
GND 


tpZl 
Vcc 


tpHZ 
GND 


tpLZ 
Vcc 


CL = 
load capacitance 
including 
jig and probe 
capacitance 


(see AC CHARACTERISTICS 
for values). 


Ar = 
termination 
resistance 
should 
be equal 
to the output 
impedance 
Zo of the pulse generator. 


J,"""V 1986") 
(" 


FAMILY 


SPECIFICATIONS 


;gl\:" Y " 


INPUT 


I3V 


'0% 
I 
GNo 


tPHL- 
- 
- 
I-IPLH 


90% 


OUTPUT 
1"3 
V 


tTHL- 


I---I/'~'--I 
Ir_ 
If_ 
1:0V'" 'j\-3V 


~ 
~GNO 


1 


_ 
tWH 
-'- 
'WL 
--'h-- 
--'h-I 
3V 


r 
1TLH 


90% 


1,3v 
OUTPUT 
I 


'0% 


1 


"j.':LH 
SET. 
------------------3V 


RESET, 
~~;~~T 
_'.3_V 
_ 


.__ 
GND 


Fig.9 
Set-up times, hold times, removal times, propagation 
delays 
and 
the 
maximum 
clock 
pulse 
frequency 
for 
sequen- 


tial 
logic 
ICs. 


Notes 
to 
Fig. 9 


1. I n Fig. 9 the 
active 
transition 
of the 
clock 
is going 
from 
LOW- 
to-HIGH 
and the 
active 
level of the 
forcing 
signals 
(SET, 
RESET 


and 
PRESET) 
is HIGH. 
The aCl:ual direction 
of the 
transition 
of 


the 
clock 
input 
and 
the actual 
active 
levels of the 
forcing 
signals 
are specified 
in the individual 
oevice data sheet. 


2. For AC measurements: 
tr = tf = 6 ns; when measuring 
fmax. 


there 
is no constraint 
on tr• tf with 50% duty factor. 


Cl = 
load capacitance 
including 
jig and probe 
capacitance 
(see AC CHARACTERISTICS 
for values). 


RT = 
termination 
resistance 
should 
be equal to the output 
impedance 
Za of the pulse generator. 
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HCT TYPES (continued) 


AC WAVEFORMS 74HCT (continued) 


OUTPUT 


LOW·w·OFF 
OFF·to-LOW 
~ 


'PlZ- 
-'PZl 


I 


13V 


10% 


1- 'PHZ 
- 
_IPZH-1 


90% 
OUTPUT 
HIGH·to-OFF 
OFF·tO-HIGH 
,""",,J__ 
OUIPU1S 
~l1aoled 
disabled 


TEST 
SWITCH 


tpZH 
GND 


tpZl 
Vcc 
tpHZ 
GND 


tPlZ 
Vcc 


Cl = 
load capacitance 
including 
jig and probe 
capacitance 


(see AC CHARACTERISTICS 
for values). 
RT = 
termination 
resistance 
should 
be equal 
to the output 
impedance 
Zo of the pulse generator. 


HCMOS family characteristics 
J 


---- 


The 
74HCMOS 
data 
sheets 
have 
been 
designed 
for 
ease-of- 


use. 
A minimum 
of cross-referencing 
for 
more 
information 


is needed. 


TYPICAL 
PROPAGATION 
DELAY 
AND 
FREQUENCY 


The 
typical 
propagation 
delays 
listed 
at the top 
of the 
data 


sheets 
are 
the 
average 
of 
tp LH and 
tpH L for 
the 
longest 
data 
path 
through 
the device 
with 
a 15 pF load. 


For 
clocked 
devices, 
the 
maximum 
frequency 
of operation 


is 
also 
given. The typical 
operating 
frequency 
is the 
maxi- 


mum 
device 
operating 
frequency 
with 
a 50% 
duty 
factor 


and 
no constraints 
on tr and tf. 


Two 
logic 
symbols 
are given 
for each 
device 
- 
the 
conven- 
tional 
one 
(Logic 
Symbol) 
which 
explicitly 
shows 
the 


internal 
logic 
(except 
for 
complex 
logic) 
and the 
IEC Logic 


Symbol 
as 
developed 
by 
the 
IEC 
(International 
Electro- 


technical 
Commission). 


The 
IEC 
has 
been 
developing 
a very 
powerful 
symbolic 


language 
that 
can 
show 
the 
relationship 
of each 
input 
of a 


digital 
logic 
current 
to 
each 
output 
without 
explicitly 


showing 
the 
internal 
logic. 
Internationally, 
Working 
Group 


2 
of 
IEC 
Technical 
Committee 
TC-3 
has 
prepared 
a new 


document 
(Publication 
617-121 
which 
supersedes 
Publi- 
cation 
117-15, 
published 
in 1972. 


The 
"RATINGS" 
table 
(Limiting 
values 
in accordance 
with 


the 
Absolute 
Maximum 
System 
- 
IEC134) 
lists the 
maxi- 


mum 
limits 
to 
which 
the 
device 
can 
be subjected 
without 


damage. 
This 
doesn't 
imply 
that 
the device 
will function 
at 
these 
extreme 
conditions, 
only 
that, 
when 
these 
conditions 


are 
removed 
and 
the 
device 
operated 
within 
the 
Re- 


commended 
Operating 
Conditions, 
it will still be functional 


and its useful 
life won't 
have been 
shortened. 


The 
maximum 
rated 
supply 
voltage 
of 7 V is well below 
the 
typical 
breakdown 
voltage 
of 18 V. 


RECOMMENDED 
OPERATING 
CONDITIONS 


The 
"RECOMMENDED 
OPERATING 
CONDITIONS" 


table 
lists 
the 
operating 
ambient 
temperature 
and 
the 


conditions 
under 
which 
the 
limits 
in the 
"DC 
CHARAC- 


TERISTICS" 
and 
"AC 
CHARACTERISTICS" 
tables 
will 


be 
met. 
The 
table 
should 
not 
be 
seen 
as a set 
of 
limits 


guaranteed 
by the manufacturer, 
but 
as the conditions 
used 
to 
test 
the 
devices 
and 
guarantee 
that 
they 
will then 
meet 


the 
limits 
in the 
DC and 
AC CHARACTE 
R ISTICS 
tables. 


DATA 
SHEET 


SPECIFICA nON 


GUIDE 


DC CHARACTERISTICS 


The 
"DC 
CHARACTERISTICS" 
table 
reflects 
the 
DC 


limits 
used 
during 
testing_ 
The 
values 
published 
are 


guaranteed_ 


The 
threshold 
values 
of V IH and 
V IL can 
be tested 
by the 


user. 
If VIH and 
VIL 
are applied 
to the 
inputs, 
the output 


voltages 
will be those 
published 
in the "DC 
CHARACTER- 


ISTICS" 
table. 
There 
is a tendency, 
by 
some, 
to 
use 
the 


published 
VIH 
and 
VIL 
thresholds 
to 
test 
a device 
for 
functionality 
in 
a 
"function-table 
exercizer" 
mode. 


This 
frequently 
causes 
problems 
because 
of 
the 
noise 


present 
at the 
test 
head 
of automated 
test 
equipment 
with 


cables 
up 
to 
1 metre. 
Parametric 
tests, 
such 
as those 
used 


for 
the 
output 
levels 
under 
the 
VIH 
and 
VIL 
conditions 
are done 
fairly 
slowly, 
in the 
order 
of milliseconds, 
so that 


there 
is 
no 
noise 
at 
the 
inputs 
when 
the 
outputs 
are 
measured_ 
But 
in 
functionality 
testing, 
the 
outputs 
are 


measured 
much 
faster, 
so there 
can 
be noise 
on the inputs, 


before 
the 
device 
has assumed 
its final 
and 
correct 
output 


state. 
Thus, 
never use VIH and VI L to test the 
functionality 


of any 
HCMOS 
device 
type; 
instead, 
use 
input 
voltages 
of 


VCC 
(for the 
HIGH 
state) 
and 
0 V (for the 
LOW state). 
In 
no way 
does 
this 
imply 
that 
the 
devices 
are noise-sensitive 
in the final system_ 


In the 
data 
sheets, 
it may 
appear 
strange 
that 
the 
typical 


VIL 
is higher 
than 
the 
maximum 
VIL. 
However, 
this 
is 


because 
V ILmax 
is the 
maximum 
V IL (guaranteed) 
for 
all 
devices 
that 
will 
be 
recognized 
as a logic 
LOW_ However, 


typically 
a higher 
VIL 
will 
also 
be recognized 
as a logic 


LOW. 
Conversely, 
the 
typical 
VIH 
is 
lower 
than 
its 
minimum 
guaranteed 
level. 


For 
74HCMOS, 
unlike 
TTL, 
no output 
HIGH 
short-circuit 


current 
is specified_ 
The 
use 
of 
this 
current, 
for example, 


to 
calculate 
propagation 
delays 
with 
capacitive 
loads, 
is 


covered 
by the 
HCMOS 
graphs 
showing 
the 
output 
drive 


capability 
and those 
showing 
the dependence 
of propagation 
delay 
on load capacitance. 


The 
quiescent 
supply 
current 
ICC is the 
leakage 
current 
of 


all 
the 
reversed-biased 
diodes 
and 
the 
OFF-state 
MOS 


transistors. 
It is measured 
with 
the 
inputs 
at VCC or GND 
and is typically 
a few nA. 


AC CHARACTERISTICS 


The" 
AC 
CHARACTE 
R ISTICS" 
table 
lists the 
guaranteed 


limits 
when 
a device 
is tested 
under 
the conditions 
given 
in 


the AC Test Circuits 
and Waveforms 
section. 


DATA 
SHEET 


SPEC I FICA TlON 


GUIDE l 
_ 


Good 
high-frequency 
wiring 
practices 
should 
be used 
in test 


circuits. 
Capacitor 
leads 
should 
be as short 
as possible 
to 


minimize 
ripples 
on 
the 
output 
waveform 
transitions 
and 


undershoot. 
Generous 
ground 
metal 
(preferably 
a ground- 


plane) 
should 
be used 
for the 
same 
reasons. 
A V CC decoup- 


ling 
capacitor 
should 
be 
provided 
at 
the 
test 
socket, 
also 


with 
short 
leads. 
Input 
signals 
should 
have 
rise 
and 
fall 


times 
of 
6 ns, 
a signal 
swing 
of 0 V to 
V CC for 
74HC 
and 
o V 
to 
3 V 
for 
74HCT; 
a 
1.0 MHz 
square 
wave 
is 
re- 


commended 
for 
most 
propagation 
delay 
tests. 
The 


repetition 
rate 
must 
be 
increased 
for 
testing 
fmax' 
Two 
pulse 
generators 
are 
usually 
required 
for 
testing 
such 


parameters 
as 
set-up 
time, 
hold 
time 
and 
removal 
time. 


fmax 
is also tested 
with 
6ns 
input 
rise and 
fall times, 
with 
a 


50% 
duty 
factor, 
but 
for typical 
fmax 
as high as 60 MHz, 
there 
are no constraints 
on rise and fall times. 
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DEFINITIONS OF SYMBOLS AND TERMS USED IN 
HCMOS DATA SHEETS 


Positive 
current 
IS defined 
as conventional 
current 
flow 


into a device. 
Negative 
current 
is defined 
as conventional 
current 
flow 
out of a device. 


Quiescent 
power supply current; 
the current 
flowing 
into 


the Vcc supply 
terminal. 


OFF 
4 state 
output 
current: 
the leakage 
current 
flowing 
into 


the output 
of a 3-5r81e 
device 
in the OFF-state, 
when 
the 


output 
is connected 
to Vec or GND. 


Analog 
switch 
leakage 
current: 
the current 
flowing 
into an 


analog 
switch 
at a specified 
voltage 
across 
the switch 
and 


Vcc· 


Voltages 


All voltages 
are referenced 
to GND 
(ground), 
which 
is typically a V. 


GND 
Supply voltage; 
for a device with a single negative power 


supply, 
the 
most 
negative 
power 
supply, 
used 
as the 


reference 
level for other 
voltages; 
typically 
ground. 


Supply 
voltage; 
one of two (GND 
and VEEJ negative 
power 


supplies. 
Hysteresis 
voltage; 
difference 
between 
the trigger 
levels, 


when applying 
a positive 
and a negative 
- going 
input signal. 


HIGH 
level 
output 
voltage 
; the 
range 
of voltages 
at an 


output 
terminal 
With a specified 
output 
loading 
and supply 


voltage. 
Device 
inputs 
are conditioned 
to establish 
a HIGH 


level at the output. 


DEFINITIONS 
OF SYMBOLS 


LOW level output 
voltage; 
the range of voltages 
at an output 


terminal 
with a specified 
output 
loading 
and supply 
voltage. 


Device 
inputs 
are conditioned 
to establish 
a LOW 
level at 


the output. 


Analog terms 


RON 
ON-resistance; 
the 
effective 
ON-state 
resistance 
of an 
analog switch, 
at a specified 
voltage 
across 
the sWitch 
and 
output 
load. 
j,AON 
.lON- 
resistance: 
the difference 
In ON - resistance 
between 


any two switches 
of an analog device 
at a specIfied 
voltage 
across 
the switch 
and output 
load. 


Power 
dissipation 
capacitance; 
the capacitance 
used 
to 
determine 
the dynamic 
power 
dissipation 
per logic 
func- 
tion' when 
no extra 
load is provided 
to the device. 


AC switching parameters 


fl 
Input frequency; 
for combinatorial 
logic 
devices 
the maxi- 


mum number 
of inputs 
and outputs 
switching 
in accordan- 
ce 
with 
the 
device 
function 
table. 
For 
sequential 
logic 
devices 
the clock 
frequency 
using alternate 
HIGH and LOW 
for 
data 
input 
or 
using 
the 
toggle 
mode, 
whichever 
is 
applicable. 


Maximum 
clock 
frequency; 
clock 
input waveforms 
should 
have a So<¥o duty factor 
and be such as to cause the outputs 
to be switching 
from 
1QOfoVcc to 9QO/oV cc in accordance 
with 
the device 
function 
table. 


Hold 
time; 
the 
interval 
immediately 
following 
the 
active 
transition 
of the timing 
pulse 
(usually 
the 
clock 
pUlse) 
or 


following 
the transition 
of the control 
input 
to its latching 
level, during 
which 
interval 
the data to be recognized 
must 


be maintained 
at the input to ensure 
their continued 
recog- 


n~tion. A negatlve 
hold time indicates 
that the correct 
logIC 
level may be released 
prior 
to the timIng 
pulse 
and stili be 


recognized. 
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DEFINITIONS 


OF SYMBOLS 


AC switching 
parameters 
(continued) 


tpH L 
Propagation 
delay; 
the time 
between 
the specified 


reference 
points, 
normally 
the 
50% 
points 
for 


74HC 
and 74HCU 
devices 
on the input 
and output 


waveforms 
and 
the 
1.3 V points 
for 
the 
74HCT 


devices, 
with 
the output 
changing 
from 
the defined 


HIGH 
level to the defined 
LOW level. 


tpLH 
Propagation 
delay; 
the 
time 
between 
the 
specified 


reference 
points, 
normally 
the 
50% 
points 
for 


74HC 
and 74HCU 
devices 
on the 
input 
and output 


waveforms 
and 
the 
1.3 V 
point 
for 
the 
74HCT 
devices, 
with 
the output 
changing 
from 
the defined 


LOW level to the defined 
HIGH 
level. 


tpHZ 
3-state 
output 
disable 
time; 
the 
time 
between 
the 


specified 
reference 
points, 
normally 
the 
50% 


points 
for 
the 
74HC 
and 74HCU 
devices 
and 
the 


1.3 V points 
for the 
74HCT 
devices 
on the output 


enable 
input 
voltage 
waveform 
and 
a point 
re- 


presenting 
10% of the 
output 
swing 
on the output 


voltage 
waveform 
of 
a 3-state 
device, 
with 
the 


output 
changing 
from 
a HIGH 
level 
(VOH) 
to 
a 


high impedance 
OF F-state 
(Z). 


tpLZ 
3-state 
output 
disable 
time; 
the 
time 
between 
the 


specified 
reference 
points, 
normally 
the 
50% 


points 
for 
the 
74HC 
devices 
and 
the 
1.3 V points 


for the 
74HCT 
devices 
on the output 
enable 
input 


voltage 
waveform 
and 
a point 
representing 
10% of 


the 
output 
swing 
on the 
output 
voltage 
waveform 


of a 3-state 
device, 
with 
the output 
changing 
from 


a LOW level (VOL) 
to a high impedance 
OFF-state 


(Z). 


tpZH 
3-state 
output 
enable 
time; 
the 
time 
between 
the 
specified 
reference 
points, 
normally 
the 
50% 


points 
for 
the 
74HC 
devices 
and 
1_3 V points 
for 


the 
74HCT 
devices 
on 
the 
output 
enable 
input 


voltage 
waveform 
and the 50% point 
on the output 


voltage 
waveform 
of 
a 3-state 
device, 
with 
the 


output 
changing 
from 
a high impedance 
OFF-state 


(Z) to a HIGH 
level (VOH)' 


tpZL 
3-state 
output 
enable 
time; 
the 
time 
between 
the 
specified 
reference 
points, 
normally 
the 
50% 


points 
for 
the 
74HC 
devices 
and 
the 
1.3 V points 


for the 
74HCT 
devices 
on the 
output 
enable 
input 


voltage 
waveform 
and the 50% 
point 
on the output 


voltage 
waveform 
of 
a 3-state 
device, 
with 
the 


output 
changing 
from 
a high impedance 
OFF-state 


(Z) to a LOW level (VOL)' 


Removal 
time; 
the 
time 
between 
the 
end 
of 
an 


overriding 
asynchronous 
input, 
typically 
a clear 
or 


reset 
input, 
and 
the 
earliest 
permissible 
beginning 


of 
a synchronous 
control 
input, 
typically 
a clock 


input, 
normally 
measured 
at the 
50% 
points 
for 


74HC 
devices 
and 
the 
1.3 V points 
for the 
74HCT 


devices 
on both 
input 
voltage 
waveforms. 


tsu 
Set-up 
time; 
the 
interval 
immediately 
preceding 


the 
active 
transition 
of the 
timing 
pulse 
(usually 


the 
clock 
pulse) 
or preceding 
the 
transition 
of the 


coltrol 
input 
to 
its 
latching 
level, 
during 
which 


interval 
the 
data 
to 
be 
recognized 
must 
be main- 


tained 
at 
the 
input 
to 
ensure 
their 
recognition. 


A negative 
set-up 
time 
indicates 
that 
the 
correct 


logic 
level 
may 
be 
initiated 
sometime 
after 
the 


active 
transition 
of 
the 
timing 
pulse 
and 
still 
be 
recognized. 


tTHL 
Output 
transition 
time; 
the 
time 
between 
two 
specified 
reference 
points 
on a waveform, 
normally 


90% 
and 
10% points, 
that 
is changing 
from 
HIGH- 
to-LOW. 


tTH L 
Output 
transition 
time; 
the 
time 
between 
two 


specified 
reference 
points 
on a waveform, 
normally 


10% and 
90% 
points, 
that 
is changing 
from 
LOW- 
to-HIGH. 


tw 
Pulse 
width; 
the 
time 
between 
the 
50% amplitude 


points 
on the 
leading 
and 
trailing 
edges 
of a pulse 


for 
74HC 
and 
74HCU 
devices 
and 
at 
the 
1.3 V 
points 
for 74HCT 
devices. 
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TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHL/ 
propagation delay 
CL=15pF 
7 
10 
ns 
tplH 
nA, nB to nY 
VCC = 5 V 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
22 
22 
pF 


capacitance 
per gate 


• 
Output 
capability: 
standard 


• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCTOOare high-speed 
5i·gate CMOSdevicesand are pin 
compatible 
with 
low power Schottky 


TTl 
Il5TTLI. 
They are specified in 


compliance with JEOEC standard no. 7A. 
The 74HC/HCTOOprovide the 
2-input NANO function. 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PO in IlW): 


Po = CPOx VCC' x Ii + ~ (Cl 
X VCC' x fo) where: 


fi 
= input frequency in MHz 
Cl 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
:E (Cl 
X VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC -1.5 
V 


PACKAGE 
OUTLINES 


14-leadDI L; plastic 150T271 
14·lead mini pack; plastic (5014; 
SOT108A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,4, g, 12 
lA t04A 
data inputs 


2,5,10,13 
lB to 4B 
data inputs 


3,6,8,11 
lY t04Y 
data outputs 


7 
GNO 
ground (0 V) 


14 
VCC 
positive 
supply 
voltage 


IV 3 
~ 
~ 
vcc 
' I. 
'. 
, 'A 


~ 
~ 


'V 
6 
2B 


3. 
~ 
~ 


~ 
~ 


IZIIU88.2 


Fig. 1 Pin configuration. 
Fig. 2 logic symbol. 
Fig. 3 IEC logic symbol. 
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1 l' 
IV 
3 


2 
16 
,,. 


'V 
6 


5 ,. 


9 
3. 
3V • 
10 38 


12 .. 


13 '. 


INPUTS 
OUTPUT 


nA 
nB 
nY 


L 
L 
H 


L 
H 
H 
H 
L 
H 


H 
H 
L 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output capability: 
standard 
ICC category: 551 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPH LI 


25 
90 
115 
135 
2.0 
propagation delay 
9 
18 
23 
27 
ns 
4.5 
Fig. 6 
tPLH 
nA, nB to nY 
7 
15 
20 
23 
6.0 


19 
75 
95 
110 
2.0 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: SSI 


Note to HCT types 


The value of additional quiescent supply current (ClICC)for a unit load of 1 is given in the family specifications. 
To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to+85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation delay 
12 
19 
24 
29 
ns 
4.5 
Fig. 6 
tpLH 
nA, nB to nY 


tTHL/ 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
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'A'BINPUT~~.~~,_ J 


nY 
OUTPUT 
VM111 


tTHL 
-- 
-- 
ITLH 


Fig. 6 Waveforms 
showing 
the input 
(nA, 
nBjto 
output 
(nY) 
propagation 
delays and the output 


transition 
times. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND 
to VCC' 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V. 
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• 
Output 
capability: 
standard 


• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT02 
are high·speed 
Si·gate CMOS devices and are pin 
compatible 
with low power 
Schottky 
TTl 
IlSTTl). 
They are specified 
in 


compliancewithJEDEC 
standard 
no. 7A. 
The 74HC/HCT02 
provide 
the 2·input 


NOR function. 


74HC/HCT02 
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TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 


HC 
I 


UNIT 
HCT 


tPHl/ 
propagation 
delay 
Cl=15pF 
7 
I 


9 
ns 


tplH 
nA, nB to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 I 
3.5 
pF 


CPD 
power 
dissipation 
notes 
1 and 2 
221 
24 
pF 
capacitance per gate 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
!PD in iLW): 


PD = CPD x VCC' 
x fi + ~ ICl 
x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
VCC 
= supply voltage in V 


1: (Cl 
x VCC' 
x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI = GND to VCC 


For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


14-lead DIl; plastic ISOT271 
14-lead mini pack; plastic IS014; SOTl D8A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,4, 
la, 
13 
lY t04Y 
data outputs 


2,5,8,11 
1At04A 
data inputs 


3,6,9,12 
18 to 4B 
data inputs 


7 
GND 
ground 
(0 V) 


14 
VCC 
positive 
supply 
voltage 


, " 
~ 


;>, 


~ 


,Y 
, 
vcc 
3 
1B 


4Y 
5 
,. 
~ 
~ 


,V 
4 
;>, 


6 
, • 


• 
3' 


~ 
~ 


JV 
10 
;>, 


3Y 
93. 


11 
4A 
4Y 
13 
~ 


;>, 


~ 


12 
46 


7Z8740J.\ 


Fig. 1 Pin configuration. 
Fig. 2 logic symbol. 
Fig. 3 IEC logic symbol. 
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2 ,. 
,y , 


3 
1B 


5 
2. 
2Y 
4 


6 
28 


8 
3' 
3Y 
10 


9 
38 


11 
4' 
4Y 
13 


12 
48 
:~,: 


INPUTS 
OUTPUT 


nA 
nB 
nY 


L 
L 
H 


L 
H 
L 
H 
L 
L 


H 
H 
L 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: SSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V;tr=tf= 
6ns;CL 
= 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
25 
90 
115 
135 


I 


2.0 
9 
18 
23 
27 
ns 
4.5 
Fig. 6 
tPLH 
nA. nB to nY 
7 
15 
20 
23 
6.0 


tTH L/ 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


J""",' 19861( 


______ 
Q_U_a_d_2_-_in_ 


p 


_u_t_N_O_R_9_ 


a 


_ 


t 


_ 


e 


.•.•J 


74HC/HCT02 


551 


DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: 551 


Note to HCT types 


The value of additional quiescent supply current 1t>ICC}for a unit load of 1 is given in the family specifications. 
To determine t>ICC per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
11 
19 
24 
29 
ns 
4.5 
Fig. 6 


tpLH 
nA, nB to nY 


tTHL/ 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


74HC/HCT02 
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Fig.6 
Waveforms 
showing 
the input 
(nA. nBI 
to 
output 
(nY) 
propagation 
delays and the output 
transition 
times. 
Note to AC waveforms 


(11 HC 
VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


J.o""y 19861( 


___ 
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• 
Level 
shift 
capability 


• 
Output 
capability: 
standard 


(open 
drain) 


• 
ICC category: 
SSI 


The 74HC/HCT03 
are high·speed 


Si·gate CMOS 
devices and are pin 


compatible 
with 
low 
power 
Schottky 


TTL ILSTTLI. 
They 
are specified 
in 


compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT03 
provide 
the 


2·input 
NAND 
function. 


The 74HC/HCT03 
have open·drain 
N· 
transistor 
outputs, 
which 
are not 
clamped 
by a diode 
connected 
to VCC. 


In the OFF-state, 
i.e. when 
one input 


is LOW, 
the output 
may 
be pulled 
to any 


voltage 
between 
GND 
and VOmax' 
This 
allows 
the 
device 
to be used 
as a 
LOW-to-HIGH 
or HIGH-to-LOW 
level 
shifter. 
For digital 
operation 
and 
OR-tied 
output 
applications, 
these 
devices must have a pull-up 
resistor 


to establish 
a logic 
HIGH 
level. 
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TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPZL/ 
CL = 15 pF 
propagation 
delay 
RL = 1 kD 
8 
10 
ns 
tpLZ 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 
1, 2 
4.0 
4.0 
pF 
capacitance 
per gate 
and 3 


Notes 


1. CPD is used to detemine 
the dynamic 
power 
dissipation 
IPD in I'W): 


PD = CPD x VCC' 
x fi + ~ ICL 
x VCC' 
x fol 
+ 


+ ~ (VO'/RLI 
x duty 
factor 
LOW, where: 


fj 
::::input 
frequency 
in MHz 
fo 
::::output 
frequency 
in MHz 


Va= 
output 
voltage 
in V 
~ ICL 
X VCC' 
x fol = sum of outputs 


~ (VO'/RLI 
= sum of outputs 


2. For 
HC 
the condition 
IS VI = GND 
to VCC 


For HCT 
the condition 
is VI = GND 
to VCC - 
1.5 V 


3. The given value of CPD is obtained 
with: 
CL = 0 pF and R L = ~ 


CL 
= output 
load capacitance 
in pF 


VCC 
= supply 
voltage 
in V 


R L 
= pull-up 
resistor 
in MS1 


PACKAGE 
OUTLINES 


14-lead 
DI L; plastic 
ISDT271 


14·lead mini pack; plastic (5014; 
SOT108A) 


PIN NO, 
t SYMBOL 
NAME 
AND 
FUNCTION 


1,4,9,12 
lA 
t04A 
data 
inputs 


2,5,10,13 
18 to 48 
data 
inputs 


3,6,8,11 
1Y t04Y 
data ou tputs 


7 
GND 
ground 
(0 VI 


14 
VCC 
positive 
supply 
voltage 


1 
1A 
~ 
Q~ 


2 
", 'A 
~ 
Q~ 
2B 


9 
3A 


~ 
Q~ 
3B 
10 
38 


12 
'A 


~ 
Qf 


13 
4B 


7Z9JJ97 


Fig. 
1 Pin configuration. 
Fig.2 
Logic 
symbol. 
Fig.3 
IEC logic symbol. 
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_ 


A~lj 


B~~D 


INPUTS 
OUTPUT 


nA 
nB 
nY 


L 
L 
Z 


L 
H 
Z 


H 
L 
Z 
H 
H 
L 


H = HIGH 
voltage 
level 
L = LOW voltage 
level 


Z = high 
impedance 
OFF·state 


Limiting 
values in accordance 
with 
the Absolute 
Maximum 
System 
(IEC 
1341 


Voltages 
are referenced 
to GND 
(ground 
= 0 VI 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply 
voltage 
-0.5 
+7 
V 


Vo 
DC output 
voltage 
-0.5 
+7 
V 


11K 
DC input 
diode 
current 
I 20 
mA 
I for 
VI < -0.5 
V or VI> 
VCC + 0.5 V 


-10K 
DC output 
diode 
current 
20 
mA 
for 
Vo < -0.5 
V 


-10 
DC output 
sink 
current 
25 
mA 
for 
-0.5 
V < Vo 


±ICC; 
DC VCC or GND 
current 
50 
mA 


±IGND 


Tstg 
storage 
temperature 
range 
-65 
+150 
°c 


Ptot 
power 
dissipation 
per package 
for temperature 
range; -40 
to +125 °c 
74HC/HCT 


plastic 
DI L 
750 
mW 
above +70 °C: derate 
linearly 
with 
12 mW/K 


plastic 
mini·pack 
ISOI 
500 
mW 
above +70 °C: derate 
linearly 
with 
8 mW/K 


M.~h 19881 ( 
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SSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 
except 
that the 
VOH 
values 
are not valid for open drain. They are replaced by 10Z asgiven below. 


Output capability: 
standard (open drain). excepting VOH 


ICC category: SSI 


Voltages are refereced to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


HI GH level output 
2.0 
Vo = VO(max) 


10Z 
0.5 
5.0 
10.0 
pA 
to 
VIL 
leakage current 
6.0 
or GND 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40to 
+85 
-40 to +125 
V 


I 
min. 
typ.1 
max. 
min. 
max. I 


min. 
max. 


tPZLI 
28 
95 
120 
145 
2.0 
propagation delay 
10 
19 
24 
29 
ns 
4.5 
Fig.6 
tpLZ 
nA, nB to nY 
8 
16 
20 
25 
6.0 


19 
75 
95 
110 
2.0 
tTHL 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
6 
13 
16 
19 
6.0 
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For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications", 
except that the VOH values 
are not valid for open drain. They are replaced by 10Z asgiven below. 


Output capability: 
standard (open drain), excepting VOH 


ICC category: SSI 


Voltages are refereced to GND (ground = 0 V) 


T.mb 
(OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


HI GH level output 
4.5 
Vo = VO(maxl 
10Z 
0,5 
5.0 
10.0 
I'A 
to 
VIL 
leakage current 
5.5 
orGND 


The value of additional 
quiescent 
supply 
current 
(Alec) for a unit 
load of 1 is given in the family 
specifications. 
To determine 
Alec per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = If = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


IPZLI 
propagation delay 
12 
24 
30 
36 
ns 
4.5 
Fig.6 
tpLZ 
nA, nB, 10 nY 


tTHL 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 


M"oh 19BB'I( 
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INPUT 
"M'll 


'0% 
___ 
-,-Pl-Z-_-----~ 
tpZL 


Fig.6 
Waveforms showing the input (nA, nBI to 


output 
(nYI propagation delays and the output 


transition 
times. 


Note 
to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC' 


HCT: VM = i.3 V; VI = GND to 3 V. 


NEGATIVE 


INPUT 
PULSE 


POSITIVE 


INPUT 


PULSE 


Definitions 
for 
Figs. 7 and 8: 


CL 
= 
load capacitance 
including 
jig and 
probe capacitance 
(seeAC CHARACTERISTICS 
for 


valuesl. 


RT 
termination resistance should 
be equal 


to the output 
impedance Zo of the 
pulse generator. 


tr 
tf = 6 ns; when 
measuring 
fmax. 
there 


is no constraint 
on tr, tf with 
50% 
duty factor. 


tr;tf 


FAMILY 
AMPLITUDE 
VM 


fmax; 


OTHER 
PULSE WIDTH 


74HC 
VCC 
50% 
< 2 ns 
6 ns 


74HCT 
3.0 V 
1.3 V < 2 ns 
6 ns 


74HC!HCT03 
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vp 


~ 


L 
V,N 
""",_, 


(11 
'ONlm 
••. l 


" 
1Z22153 


800 
RUmm.1 
1m 
600 


Fig. 
10 
Minimum 
resistive load as 
a function of the pull·up voltage. 


Notes to Figs9 and 10 


If Vp - VCC (R) > 0.5 V a positive current will flow into the receiver (asdescribed in the USER GUIDE; input/output 
protection), 


this will not affect the receiver provided the current does not exceeds20 mA. At VCC < 4.5 V, RON(max) is not guaranteed; 
RON(max) can be estimated using Figs 33 and 34 in the USER GUI DE. 


Notes to Fig. 10 


1. VCC (R) = 2.0 V; VIL = 0.5 V. 
2. VCC (R) = 5.0 V; VI L = 0.8 V. 
3. VCC (R) = 4.5 V; VI L = 1.35 V. 
4. VCC (R) = 6.0 V; VI L = 1.8 V. 


Note 
to Application 
information 


All values given are typical 
unless otherwise 
specified. 


March 
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TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation delay 
CL=15pF 


I 


7 
8 
ns 
tPLH 
nA to nY 
VCC = 5 V 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


power dissipation 
notes 1 and 2 
21 
24 
pF 
capacitance per gate 


• 
Output 
capability: 
standard 


• 
ICC category: 
sSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT04 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL I LSTTL). They are specified in 
compliance with JEDEC standard no_7A. 


The 74HC/HCT04 
provide six inverting 


buffers. 


Notes 


1. CPD is used to determine the dynamic power dissipation (PO in I'W): 


PD = CPO x VCC' x fi + ~ (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC 
= supply voltage in V 
L (CL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


14-lead DI L; plastic ISOT27) 
14-leadmini pack; plastic IS014; SOT108A) 


PIN NO_ 
SYMBOL 
NAME AND FUNCTION 


1,3,5,9,11,13 
1At06A 
data inputs 


2,4,6,8,10, 
12 lY to 6Y 
data outputs 


7 
GNO 
ground 10 V) 


14 
VCC 
positive supply voltage 


1~2 
~ 
~ 


vcc 
-'-1 
~ 
6. 
3~4 


6Y 
5~6 
~ 
~ 


SY 
9~8 
~ 
~ 


11~10 
~ 
~ 


13~12 
~ 
~ 
JZ!Hl946 


lZ9094J.1 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig.3 
IEC logic symbol. 
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INPUT 
OUTPUT 


nA 
nY 


L 
H 
H 
L 


Output capability: 
standard 


ICC category: SSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
25 
85 
105 
130 
2.0 
9 
17 
21 
26 
ns 
4.5 
Fig.6 
tPLH 
nA to nY 
7 
14 
18 
22 
6.0 


ITHL/ 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


122 
S'~'mb" 19931 ( 


__ 
He_Xin_vert_er 
J 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
Ice category: 551 


Note to HCT types 


The value of additional quiescent supply current ledee) for a unit load of 1 is given in the family specifications. 
To determine 61ee per input, multiply this value by the unit load coefficient shown in the table below. 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
Vec 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typ.1 max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
10 


1 
19 
24 
29 
ns 
4.5 
Fig. 6 
tPLH 
nA to nY 


tTHLI 
output transition time 
7 


1 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


74HC/HCT04 
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Fig. 6 Waveforms 
showing 
the data input 
(nAI 
to data output 
(nY) 
propagation 
delays and 
the output transition times. 


Note 
to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3V; VI = GND to 3V. 
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• 
Output 
capability: 
standard 


• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HCU04 is a high-speed 
Si-gateCMOS device and is pin 
compatible with low power Schottky 
TTL (LSTTL). 
It is specified in 


compliance withJEOEC standard no. 7A. 


The 74HCU04 is a general purpose 
hex inverter. Each of the six inverters is 
a single stage. 


INPUT 
OUTPUT 


nA 
nY 


L 
H 
H 
L 


74HCU04 


551 


SYMBOL 
PARAMETER 
CONDITIONS 
TYPICAL 
UNIT 


tPHLI 
propagation delay 
CL=15pF 


I 


5 
ns 


tPLH 
nA to nY 
VCC = 5 V 


CI 
input capacitance 
3.5 
pF 


CPO 
power dissi pati on 
note 1 
10 
pF 
capacitance 
per inverter 


Note 


1. CPO is usedto determine the dynamic power dissipation (PO in p.W): 


Po = CPOx VCC' x fi + ~ (CL x VCC' x fol where: 
fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


;!; (CL X VCC' x fo) = sum of outputs 


PACKAGE 
OUTLINES 


14-leadDI L; plastic 150T271 
14-leadmini pack; plastic 15014; 50T108AI 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,3,5, 
g, 
lAt06A 
data inputs 
11,13 


2,4,6,8, 
lY to 6Y 
data outputs 
10,12 


7 
GNO 
ground (0 V) 


14 
VCC 
positive supply voltage 


1~2 
-'1 
~ 
vcc 


3~4 
~ 
~ 
6A 


6Y 
5~6 
~ 
~ 


SY 
9~8 
~ 
~ 


11~10 
~ 
~ 


13~12 


7Z90946 
~ 
~ 


lZ90947.1 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 
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Tamb (OC) 
TEST CONDITIONS 


74HCU 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.7 
1.4 
1.7 
1.7 
2.0 


VIH 
HIGH level input voltage 
3.6 
2.6 
3.6 
3.6 
V 
4.5 
4.8 
3.4 
4.8 
4.8 
6.0 


0.6 
0.3 
0.3 
0.3 
2.0 


VIL 
LOW level input ,oltage 
1.9 
0.9 
0.9 
0.9 
V 
4.5 
2.6 
1.2 
1.2 
1.2 
6.0 


1.8 
2.0 
1.8 
1.8 
2.0 
VIH 
-10 = 20llA 
VOH 
HIGH level output voltage 
4.0 
4.5 
4.0 
4.0 
V 
4.5 
or 
-10 = 20llA 


5.5 
6.0 
5.5 
5.5 
6.0 
VIL 
-10 = 20llA 


3.98 
4.32 
3.84 
3.7 
4.5 
VCC 
-10 = 4.0 mA 
VOH 
H IGH level output voltage 
5.48 
5.81 
5.34 
5.2 
V 
6.0 
or 
-10 = 5.2 mA 
GND 


0 
0.2 
0.2 


I 


0.2 
2.0 


I 


VIH 
10 = 20 IlA 
VOL 
LOW level output voltage 
0 
0.5 
0.5 
0.5 
V 
4.5 
or 
10 = 20 IlA 


0 
0.5 
0.5 
0.5 
6.0 
VIL 
10 = 20 IlA 


0.15 
0.26 


1 
0 


. 
33 
0.4 
4.5 
VCC 
10 = 4.0 mA 
VOL 
LOW level output voltage 
0.16 
0.26 
0.33 
0.4 
V 
6.0 
or 
10 = 5.2 mA 
GND 


I 


Vce 


± II 
input 
leakage current 
0.1 
1.0 
1.0 
IlA 
6.0 
or 
GND 


Vee 
Ice 
quiescent 
supply 
C.Jrrent 
2.0 
20.0 
40.0 
IlA 
6.0 
or 
10 = 0 
GND 


74HCU04 
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Tamb (OCI 
TEST CONDITIONS 


74HCU 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


19 
70 
90 
105 
2.0 


tPH L/ 
propagation delay 
7 
14 
18 
21 
ns 
4.5 
Fig. 6 


tPLH 
nA to nY 
6 
12 
15 
18 
6.0 


tTHL/ 


19 
75 
95 
110 
2.0 


output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


Fig. 6 Waveforms showing the data input (nA) 
to data output 
(nY) propagation delays and the 


output 
transition 
times. 
Note to AC waveforms 


(1) VM = 50%; VI = GND to VCC' 


.0 
va 


va 
'0 
'VI 


,VI 
(mAl 
5 


40 
~ 


I 


.'\' 


I 
I 
" 
/I 


I 
\ 
\ 
I 


\ 
I 


I 
\ 


\ 
\ 
I 
~, 


1Z90952 


'0 
Va 
'0 


(mAl 
IVI 
(mAl 


20 
2.0 
1.0 


1. 
1.• 
0.8 


12 
1.2 
0.• 


0.8 
0.4 
20 


/ / 
',J 
,, 


0 
0 


a 
VI 
(VI 
• 


Fig.7 


-- 
YO; - - 
- - 
ID (drain current) 
10=0;VCC=6.0V. 


Fig. 8 
-- 
yo; - - - - ID (drain current) 


10=0;VCC=4.5V. 


Fig. 9 
-- 
yo; - - - - ID (drain current) 


10 = 0; VCC = 2.0 V. 
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74HCU04 


SSI 


Fig. 
10 
Test set-up for measuring 
forward 
transconductance 
9f5 = dio/dvj at 


va is constant 
(see also graph 
Fig. 
11). 


Fig. 
11 
Typical 
forward 
transconductance 
9f5 
as a function 
of the supply 
voltage 
V CC at 
Tamb 
= 25 oC. 


Some applications 
for 
the "HCU04" 
are: 


• 
Linear 
amplifier 
(see Fig. 
12) 


• 
In crystal 
oscillator 
designs (see Fig. 
13) 
• 
Astable 
multivibrator 
(see Fig. 
14) 


Note 
to 
Fig. 12 


ZL> 
10 kn; AOL 
= 20 (ty~.1 
AOL 


Au = - 
------- 


1 +~ 
(1 + AoLi 
R2 


Vo max (p-p) 
'" V CC -2 
V cente- 


red at 1, VCC 


3 kn •• R1, R2 •• 1 Mn 
Typical 
unity 
gain bandwidth 
product 
is 5 MHz. 


CI Isee Fig. 
151 
AO L 
= open 
loop amplific£tion 


Au 
= voltage 
amplification 


_74_~~U04 
Jl 
_ 


Note to Fig. 13 


C, = 47 pF (typ.) 
C2 = 33 pF (typ.) 
R1 = 1 to 10 Mn (typ.) 


R2 optimum 
value depends 
on the 
frequency 
and 
required 
stability 
against changes in VCC or averageminimum 
ICC (lcc 
is typically 
5 mA at VCC = 5 V and f= 
10 MHz). 


FREQUENCY 
R2 
OPTIMUM FOR 
(MHz) 
(kn) 


2 
minimum 
required Ice 
3 
8 
minimum 
influence 
due to 


change in VCC 


6 
, 
minimum ICC 


4.7 
minimum 
influence 
by VCC 


10 
0.5 
minimum 
Ice 
2 
minimum influence by VCC 


14 
0.5 
minimum 
ICC 
1 
minimum 
influence by VCC 


> 14 
replace R2 by C3 with a typical 
value of 35 pF 


FREQUENCY 
R1 
R2 
C1 
C2 
(kHz) 
(Mn) 
(kn) 
(pF) 
(pF) 


10 to 15.9 
22 
220 
56 
20 


16 to 24.9 
22 
220 
56 
10 


25 to 54.9 
22 
100 
56 
10 


55 to 129.9 
22 
100 
47 
5 


130 to 199.9 
22 
47 
47 
5 
200 to 349.9 
10 
47 
47 
5 


350 to 600 
10 
47 
47 
5 


Where: 


All values given are typical 
and must be used as an initial 
set-up. 


__ 
HeX_inv_erter 
J 


Note to Fig. 14 


1 
1 
f = T '" 2.2 
RC' 


RS '" 
2 x R. 


The averageICC (mAl is approximately 3.5 + 0.05 x f (MHz) x 
C (pF) at VCC = 5.0 V (for more information refer to 
DESIGNERS 
GUIDE). 


Note to Fig.15 


1. VCC= 2.0 V. 
2. VCC = 3.0 V. 
3. VCC = 4.0 V. 
4. VCC = 5.0 V. 
5. VCC = 6.0 V. 


Note to Application 
information 


All valuesgiven are typical unlessotherwise specified. 
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74HC/HCT08 


SSI 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHll 
propagation 
delay 
Cl = 15pF 
7 
11 
ns 
tplH 
nA, nB to nY 
VCC = 5 V 


CI 
input 
capacitance 
3,5 
3,5 
pF 


CpO 


power dissipation 
notes 
1 and 2 
10 
20 
pF 
capacitance 
per gate 


• 
Output 
capability: 
standard 


• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT08 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTl 
(lSTTL). 
They are specified 
in 


compliance 
with JEOEC standard 
no. 7A. 


The 74HC/HCT08 
provide 
the 2-input 
AN 0 function. 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in IlWI: 


Po = CPO X VCC' 
x fi + I: (Cl 
X VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 


fa 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 
E (Cl 
X VCC' x fo) = sum of outputs 


2. 
For HC 
the condition 
is VI = G~IO to VCC 
For HCT the condition 
is VI = GNO to Vee 
- 
1.5 V 


PACKAGE 
OUTLINES 


14-lead DI L: plastic {SOT271 
14-lead mini pack: plastic (S014; SOT108A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,4, 
g, 12 
1At04A 
data 
inputs 


2,5,10,13 
18 t04B 
data inputs 


3,6,8,11 
1Y to 4Y 
data outputs 


7 
GNO 
ground 
(0 V) 


14 
Vce 
positive supply 
voltage 


vcc 
lA 
~ 
~ 


4. 
,. 


2A 


~ 


& 


~ 
2. 


9 
3A 


~ 
~ 


3. 
10 
3. 


12 
4A 


13 
4. 


~ 
~ 
7Z9360J 


lZ9360t.1 


Fig. 1 Pin configuration. 
Fig.2 
logic symbol. 
Fig.3 
lEe logic symbol. 


74HC/HCT08 


SSI 
l 
_ 


INPUTS 
OUTPUT 


nA 
nB 
nY 


L 
L 
L 
L 
H 
L 


H 
L 
L 


H 
H 
H 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output capability: 
standard 


ICC categary: 551 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40ta 
+85 
-40 ta +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
25 
90 
115 
135 
2.0 
9 
18 
23 
27 
ns 
4.5 
Fig. 7 
tpLH 
nA. n8 ta nY 
7 
15 
20 
23 
6.0 


tTHLI 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.7 
tTLH 
6 
13 
16 
19 
6.0 
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74HC/HCT08 


SSI 


For the DC characteristics seechapter "HCM05 family characteristics", section "Family specifications". 


Output capability: 
standard 
ICC category: 551 


Note to HCT types 


The value of additional quiescent supply current ("'ICei 
for a unit load of 1 is given in the family specifications. 
To determine "'ICC per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND =OV;tr= 
tf=6 
ns;CL = 50pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +1251 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


i 
tPH L/ 
propagation delay 
14 
24 
30 
36 
I ns 
4.5 
Fig. 7 
tpLH 
nA, nB to nY 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 


Fig. 7 Waveformsshowing the input (nA, nBI 
to output (nYI propagation delaysand the 
output 
transition 
times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3V; VI = GND to 3 V. 


____ 
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74HC/Hcno 


SSI 


I 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHLI 
propagalion delay 
CL=15pF 
9 
11 
ns 
tpLH 
nA, nS, nC to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power dissipation 
noles 1 and 2 
12 
14 
pF 
capacitance per gate 


• 
Output 
capability: 
standard 
• 
ICC category: 
SSI 


The 74HC/HCTlO are high-speed 
Si-gate CMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7A. 


The 74HC/HCT1 0 provide the 3·input 
NAND function. 


Notes 


1. CPD is used 10determine the dynamic power dissipation (PD in IJ-W): 


PD = CPD x VCC' x fi + l; (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
E (CL x VCC' x fo) = sum of outputs 


2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


14-lead01L: plastic (SOT27) 
14-leadmini pack;plastic (S014; SOT108A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,3,9 
lAt03A 
data inputs 


2,4,10 
1B to 3B 
data inputs 


13,5,11 
1C t03C 
data inputs 


12,6,8 
lY t03Y 
data outputs 


7 
GND 
ground (0 V) 


14 
VCC 
positive supply voltage 


~ 


&, 
" 


13 
tC} 


& 


4 
• 


5L} 


& 


10 
• 


11 


A~ 
a 
y 


c 
7293369 


INPUTS 
OUTPUT 


nA 
nB 
nC 
nY 


L 
L 
L 
H 
L 
L 
H 
H 
L 
H 
L 
H 


L 
H 
H 
H 


H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: 551 


AC CHARACTERISTICS 
FOR 74HC 


GND ~ OV·t 
: If: 
6 nS'CL: 
50pF 
. r 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


30 
95 
120 
145 
2.0 
I Fig.6 
tPHLI 
propagation delay 
11 
19 
24 
29 
ns 
4.5 


tPLH 
nA. nB. nC to nY 
9 
16 
20 
25 
6.0 


19 
75 
95 
110 
2.0 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: SSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(..6.ICCl 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
.alee per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 
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74HC/HCT10 


SSI 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
--40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
14 
24 
30 
36 
ns 
4.5 
Fig. 6 
tPLH 
nA, nB, nC to nY 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3 V; VI = GND to 3 V, 


Fig.6 
Waveforms 
showing 
the input 
(nAt 
nB, 
nC) to output (nY) propagation delays and the 
output 
transition 
times. 


___ 
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• 
Output 
capabil ity: standard 


• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT11 are high-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliancewithJEDEC 
standard no. 7A. 


The 74HC/HCT11 provide the 
3-input AND function. 


74HC/HCT11 


SSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHL/ 
propagation delay 
CL=15pF 
10 
11 
ns 


tPLH 
nA, nB, nC to nY 
VCC = 5 V 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
18 
20 
pF 
capacitance per gate 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PD in IlW): 


PD = CPD x VCC' x fi + 1: (CL x VCC' x fa) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
E (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


14-lead DI L; plastic 15DT27) 
14-lead mini pack: plastic 15D14; 50T108A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,3,9 
1At03A 
data inputs 


2,4,10 
1B to 3B 
data inputs 


7 
GND 
ground (0 VI 


12,6,8 
1Y to 3Y 
data outputs 


13,5,11 
1C to 3C 
data inputs 


14 
VCC 
positive 
supply 
voltage 


~ 


& 


2 
12 


13 
tC} 


& 


4 
6 


SLt 


& 


'0 
a 


11 


74HC/HCT11 
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INPUTS 
OUTPUT 


nA 
nB 
nC 
nY 


L 
L 
L 
L 


L 
L 
H 
L 


L 
H 
L 
L 
L 
H 
H 
L 


H 
L 
L 
L 
H 
L 
H 
L 


H 
H 
L 
L 
H 
H 
H 
H 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output capability: 
standard 
ICC category: SSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
32 
100 
125 
150 
2.0 


12 
20 
25 
30 
ns 
4.5 
Fig. 6 
tpLH 
nA. nB, nC to nY 
10 
17 
21 
26 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output transition times 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 
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74HC/HCT11 


551 


Output 
capabil ity: 
standard 
lee 
category: 
SSI 


Note 
to HCT types 


The value of additional 
quiescent 
supply 
current 
(/lIce) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
/llee 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND 
=0 
V; tr =tf= 
6 ns; eL 
= 50 pF 


Tamb 
(OC) 
TEST 
CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 


I 


UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typ, 
max. 
min. 
max·1 
min. 
max. 


tPHLI 
propagation 
delay 
16 
24 
30 
36 
ns 
4.5 
Fig. 6 
tPLH 
nA, nB, nC to nY 


tTHLI 
output transition times 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 


'I(M"oh 
1988 


74HC/HCT11 


551 l 
_ 


Fig. 6 Waveformsshowing the input (nA, nB, 
nC) to output (nY) propagation delaysand the 
output transition times. 


Note to AC waveforms 


(1) HC : VM = 50%: VI = GND to VCC' 


HCT: VM=1.3V;VI=GNDto3V. 
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551 


• 
Output 
capability: 
standard 


• 
ICC category: 551 


The 74HC/HCT14 are high-speed51-gate 
CMOSdevicesand are pin compatible 
with low power Schottky TTL (LSTTL). 
They 
are specified 
in compliance 
with 
JEDEC standard no. 7A. 
The 74HC/HCT14 provide six inverting 
buffers with Schmitt-trigger action. 
They are capableof transforming slowly 
changing input signalsinto sharply 
defined, jitter-free output signals. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation delay 
CL = 15 pF 
12 
17 
ns 
tPLH 
nA to nY 
VCC = 5 V 


C\ 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 1 and 2 
7 
8 
pF 
capacitance per gate 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in I'W): 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


:E (CL x VCC' x fo) = sum of outputs 


2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 
14-lead DI L: plastic 150T271 
14-lead mini pack: plastic 15014: 50T108AI 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,3,5,9,11,13 
1A to 6A 
data inputs 


2,4,6,8,10,12 
lYt06Y 
data outputs 


7 
GND 
ground (0 V) 


14 
VCC 
positive supply voltage 


~ 


iT 
~ 


vcc 
1~o-!.Y2 


~ 


iT 
~ 
6A 
3~4 


6Y 
5~ol!6 
-Y 
iT 
~ 


9~~8 
~ 


iT 
~ 
5Y 


11~~lO 
~ 


iT 
~ 


13~12 


7Z93643 


1Z93648 
~ 


iT 
~ 


lZ93641.1 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 


INPUT 
OUTPUT 


nA 
nY 


L 
H 
H 
L 


• 
Wave and pulse 
shapers 
• 
Astable 
multivibrators 
• 
Monostable 
multivibrators 


74HC!HCT14 


SSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 
Transfer 
character- 
istics are given below. 


Output capability: 
standard 
ICC category: 551 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


0.7 
1.18 
1.5 
0.7 
1.5 
0.7 
1.5 
2.0 


VT+ 
positive-going threshold 
1.7 
2.38 
3.15 
1.7 
3.15 
1.7 
3.15 
V 
4.5 
Figs 6 and 7 
2.1 
3.14 
4.2 
2.1 
4.2 
2.1 
4.2 
6.0 


0.3 
0.52 
0.90 
0.3 
0.90 
0.30 
090 
2.0 


VT_ 
negative-going threshold 
0.9 
1.40 
2.00 
0.90 
2.00 
0.90 
2.00 
V 
4.5 
Figs 6 and 7 
1.2 
1.89 
2.60 
1.20 
2.60 
1.2 
2.60 
6.0 


0.2 
0.66 
1.0 
0.2 
1.0 
0.2 
1.0 
2.0 


VH 
hysteresis (VT+ - VT_l 
0.4 
0.98 
1.4 
0.4 
1.4 
0.4 
1.4 
V 
4.5 
Figs 6 and 7 
0.6 
1.25 
1.6 
0.6 
1.6 
0.6 
1.6 
6.0 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
41 
125 
155 
190 
2.0 


tPLH 
nA to nY 
15 
25 
31 
38 
ns 
4.5 
Fig. 8 
12 
21 
26 
32 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 


tTLH 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 8 
6 
13 
16 
19 
6.0 
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l 
_ 


Output 
capability: 
standard 
ICC category: SSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(~Ice) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine t:.ICC per input, multiply this value by the unit load coefficient shown in the table below. 


Tamb rC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


VT+ 
positive-going 
threshold 
1.2 
1.41 
1.9 
1.2 
1.9 
1.2 
1.9 


V 
4.5 
Figs6 and 7 
1.4 
1.59 
2.1 
1.4 
2.1 
1.4 
2.1 
5.5 


VT_ 
negative-going 
threshold 
0.5 
0.85 
1.2 
0.5 
1.2 
0.5 
1.2 
V 
I 


4.5 
Figs6 and 7 
0.6 
0.99 
1.4 
0.6 
1.4 
0.6 
1.4 
5.5 


VH 
hysteresis (VT+ - VT-I 
0.4 
0.56 - 
0.4 
- 
0.4 
- 
V 
4.5 
Figs6 and 7 
0.4 
0.60 - 
0.4 
- 
0.4 
- 
5.5 


AC CHARACTERISTICS 
FOR 74HCT 


GND =0 V;tr= 
tf= 
6 ns;CL = 50pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
I max. 


tPHLI 
propagation 
delay 
20 
34 
43 


1 
51 
ns 
4.5 
Fig. 8 
tpLH 
nA to nY 


tTHLI 
output 
transition 
time 
7 
15 
19 
/22 
ns 
4.5 
Fig. S 
tTLH 


148 
S,plomb" 19931 
( 
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Fig. 7 Waveforms 
showing the definition 
of 


VT+. VT_ and VH; where VT+ and VT_ 
are between 
limits 
of 
20% and 700/0. 


I 
T 
I 
I 
I 


, 
I 
I 


I 
I 


\ 
II 
I 
I 


I 
I 
I 
I 
IV 
TT 


I 
V\ 
I I I 


I 
'I 
I I I 


Fig. 8 Typical 
HC transfer 
characteristics; 


VCC=2V. 


Fig. 9 Typical 
HC transfer 
characteristics; 


VCC = 4.5 V. 


Fig. 10 Typical 
HC transfer 
characteristics; 
VCC=6V. 


Fig. 11 Typical 
HCT transfer 
characteristics; 


VCC = 4.5 V. 


1.8 


'cc 


(mAl 
I.' 


1.2 


0.' 


0.6 


0.3 


I 
i 
I 
I 
I I 
, I 


I 
I 


I 
I, 
I 
I 
I 
I 
I 


JlI 
I 
I I 


Fig. 12 Typical 
HCT transfer 
characteristics; 
VCC = 5.5 V. 


_"M -t~~'1~-'PLHl 


,y 
OUTPUT -J 
V 
111 
[ 


,,"'.. 
'THL~ 
OJ 
'TLH 


Fig. 13 Waveforms 
showinq 
the input 
(nA) to 


output 
(nY) 
propagation 
delays and the output 


transition 
times. 


150 
September 1993I( 


Note to AC waveforms 


(1) 
HC 
VM = 50%; VI = GND 
to VCC· 


HCT: 
VM ~ 1.3 V; VI = GND 
to 3 V. 


_____ 
H_e_x_i_n_v_e_rt_i_n_ 


9 


_S_c_h_m_it_t_t_r_i 


9 


_ 


9 


_e_r 
J 


The 
slow input 
rise and fall times cause additional 
power 


dissipation, 
this can be calculated 
using the 
following 
formula: 


Pad = fi x (tr x ICCa + tf x ICCal x VCC' 


Where: 


Pad 
= additional 
power dissipation 
(IlW) 
fi 
= input frequency 
(MHz) 


tr 
= input rise time 
Ills); 10% - 90% 


tf 
= input fall time 
(/'sl; 10% - 90% 


ICCa 
= average additional 
supply current 
(IlA) 


Average ICCa differs with positive or negative input transitions, 
as 


shown in Figs 14 and 15. 


<lverage 
'ee 
l."AI 


300 


Fig. 14 Average ICC for HC Schmitt 
trigger devices; 


linear change of Vi between 
0.1 VCC to 0.9 VCC' 


RJ~- 
r 
'Z211S4 


Note 
to Application 
information 


All values given are typical 
unless otherwise 
specified. 


74HC/HCT14 


SSI 


average 


'ee 
(",AI 


300 


Fig. 15 Average ICC for HCT Schmitt 
trigger devices; 


Iinear change of V i between 
0.1 VCC to 0.9 VCC· 


Note to Fig. 16 


1 
1 
HC 
f = l''"0.8 RC 


1 
1 


HCT: f=r"'0.67 
RC 


___ 
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• 
Output 
capability: 
standard 


• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT20 
are high·speed 


Si-gate 
CMOS 
devices 
and 
are pin 
compatible 
with 
low power 
Schottky 


TTL 
I LSTTLI. 
They 
are specified 
in 


compliancewithJEDECstandard 
no.7A. 


The 74HC/HCT20 
provide 
the 4·input 
NAND 
function. 


74HC!HCT20 


SSI 


! 
TYPICAL 
I 


SYMBOL 
PARAMETER 
I CONDITIONS 
1 
I 
HCT 
UNIT 
HC 


tPHLI 
propagation 
delay 


I 


CL = 15 pF 
8 
I 


13 
I 


ns 
tPLH 
nA, n8, 
nC, nD to nY 
VCC = 5 V 
I 


CI 
input 
capacitance 
3.5 
I 


3.5 
pF 


CPD 
power 
dissipation 
notes 
1 and 2 
22 


1 
17 
pF 


capacitance 
per package 


Notes 


1. CPD is used to determine 
the dynamic 
power 
dissipation 
(PD in /J.WI: 


PD ~ CPD x VCC' 
x fi + ~ ICL 
x VCC' 
x fol 
where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa = 
output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 


~ (CL 
X VCC' 
x fol = sum of outputs 


2. 
For HC 
the condition 
is VI = GND 
to VCC 
For HCT the condition 
is VI ~ GND 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


14·lead 01 L: plastic ISOT27) 
14·lead mini pack; plastic ($014; 
SOT108A) 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,9 
lA, 
2A 
data 
inputs 


2,10 
18,2B 
data 
inputs 


3,11 
n.C. 
not connected 


4,12 
1C,2C 
data 
inputs 


5,13 
lD,2D 
data 
inputs 


6,8 
lY,2Y 
data outputs 


7 
GND 
ground 
(0 V) 


14 
VCC 
positive 
supply 
voltage 


;~': 
4 
Ie 
1 Y 6 


S 10 


9 
2A 


1028 


12 
2C 


13 
20 


74HC/HCT20 


SSI l 
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INPUTS 
OUTPUT 


nA 
nB 
nC 
nO 
nY 


L 
X 
X 
X 
H 


X 
L 
X 
X 
H 


X 
X 
L 
X 
H 


X 
X 
X 
L 
H 


H 
H 
H 
H 
L 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 


Output capability: standard 
ICC category: SSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb lOCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
-40 to +85!-40tO+125 


UNIT 
VCC 
WAVEFORMS 
+25 
V 


min. 
typo 
max. 
min. 
max. 
! min. 
max. 


tPHLI 
propagation 
delay 
28 
90 
115 


I 


135 
2.0 


10 
18 
23 
27 
ns 
4.5 
Fig. 7 
tPLH 
nA, nB, nC, nD to nY 
8 
15 
20 
23 
6.0 


tTHLI 
19 


I 


75 
95 


I 


110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 
6 
13 
16 
19 
6.0 


January 19861 ( 


74HC/HCT20 


551 


Output capability: 
standard 
ICC category: 
SSI 


Note 
to HCT types 


The value of additional 
quiescent 
supply 
current 
(.1ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
Dolce per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT 
LOAD 
COEFFICIENT 


nA, nB, 
0.3 
nC,nD 


AC 
CHARACTERISTICS 
FOR 
74HCT 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


T amb (OCI 
I 
TEST 
CONDITIONS 


74HCT 
I 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40to+125 


I 
V 


min. 
typ.1 
max. I min. 
max. 
min. 
max. I 


tPHLI 
propagation 
delay 


I 


16 


1 
28 
35 
42 
I 


ns 


1 
45 
Fig. 7 


tpLH 
nA, nB, nC, nO to nY 


tTHLI 
output 
transition 
time 
7 


1 
15 
19 
22 
I ns 
4.5 
Fig. 7 
tTLH 


Fig. 7 
Waveforms 
showing 
the enable 
input 
(nA, 
n8, 
nC, nO) to output 
(nYj 
propagation 
delays and the 
output 
transition 
times. 


Note 
to AC waveforms 


(1) 
HC 
: VM = 50%; VI 
= GNO to VCC 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V. 


__ 
~_J 


• 
Output 
capability: 
standard 


• 
ICC category: 
SSI 


The 74HC/HCT21 are high-speed51-gate 
CMOS 
devices 
and 
are pin compatible 
with low power Schottky TTl 
IlSTTLI. 


They 
are specified 
in compliance 
with 
JEDEC standard no. 7A. 
The 74HC/HCT21 provide the 4-input 
AND function. 
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TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 


I HCT 
UNIT 
HC 


tpHl/ 
propagation delay 
Cl 
= 15 pF 
10 


1 
12 
ns 


tplH 
nA, nB, nC, nD to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
I 3_5 
pF 


CpD 
power 
dissipation 
notes 1 and 2 
15 
I 


16 
pF 
capacitanceper package 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlW): 


PD = CPD x VCC' x fi + :!: (Cl x VCC' x fol where: 


fi 
= input frequency in MHz 
Cl 
output load capacitance in pF 
fo 
= output frequency in MHz 
VCC' = supply voltage in V 
~ 1Cl X VCC' x fol = sum of outputs 


2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 
14-lead01L: plastic ISOT27) 
14-1ead mini pack; plastic (S014; 
SOT108A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1, g 
1A, 2A 
data 
inputs 


2,10 
1B,2B 
data 
inputs 


3,11 
n.c. 
not connected 


4,12 
1C,2C 
data 
inputs 


5,13 
1O,2D 
data inputs 


6,8 
1Y,2Y 
data outputs 


7 
GND 
ground (0 V) 


14 
VCC 
positive supply voltage 


;~'; 
IV 
4 
Ie 
6 


s 
ID 


9 
2A 


28 
10 
o 


INPUTS 
OUTPUT 


nA 
nB 
nC 
nO 
nY 


L 
X 
X 
X 
L 


X 
L 
X 
X 
L 


X 
X 
L 
X 
L 


X 
X 
X 
L 
L 


H 
H 
H 
H 
H 


H = HIGH 
vOltage 
level 
L = LOW 
vOltage 
level 


X = don't 
care 


APcil19871 
( 
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_ 
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Output capability: standard 
lee category: 551 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; eL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPH L/ 
propagation delay 
33 
110 
140 
165 
2.0 
12 
22 
28 
33 
ns 
4.5 
Fig. 6 
tpLH 
nA. nB. nC. nD to nY 
10 
19 
24 
28 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 


output 
transition 
.time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


Output capability: standard 
lec category: 551 


Note to HCT types 


The value of additional quiescent supply current (ll ICCI for a unit load of 1 is given in the family specifications. 
To determine IIICC per input. multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


nA. n8. 
1.50 
nC. nD 
1.50 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to+125 
V 


min. 
typ- 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
I 


propagation delay 
15 
27 
34 
41 
4.5 
Fig. 6 
tPLH 
nA. nB. nC, nD to nY 
ns 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


'I( Ap,;1 198' 


74HC/HCT21 


SSI 
l~__ 


Fig.6 
Waveforms 
showing 
the input 
InA, 
nB, nC, nD)to 


output 
(nY) 
propagation 
delays and the output 
tranSitIOn 


times. 


Note 
to AC waveforms 


11) HC 
: VM 
= 50%; VI = GND 
to VCC- 


HCT: 
VM = 1.3V; 
VI 
=GND 
t03V. 


Apc" ''''1( 


___ 
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TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHll 
propagation 
delay 
Cl=15pF 
8 
10 
ns 


tplH 
nA, nB, nC to nY 
VCC = 5 V 
I 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power dissipation 
notes 
1 and 2 
24 
30 
pF 
capacitance 
per gate 


• 
Output 
capability: 
standard 
• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT27 
are high-speed 
si-gate 
CMOS devices and are pin 


compatible 
with low power Schottky 
TTl 
(lsTTl). 
They are specified 
in 
compliancewithJEOEC 
standard 
no. 7A. 


The 74HC/HCT27 
provide 
the 
3-input 
NOR function_ 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in /lW): 


Po = CPO x VCC' 
x fi + 1: (Cl 
x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 


E (Cl 
x VCC' 
x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


14-lead 
DI L: plastic 
(50T271. 
14-lead mini-pack; 
plastic 
(5014: 
SOT108Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,3,9 
1A t03A 
data inputs 


2,4,10 
1B to 3B 
data inputs 


13,5,11 
1C t03C 
data inputs 


7 
GNO 
ground 
(0 V) 


12,6,8 
1Yt03Y 
data outputs 


14 
VCC 
posi1ive supply 
voltage 


~ 


2 
12 
Vce 
13 


lC 
13 


3 
2' 
tC} 
. 
. 


S 


10 


~ 


10 
8 


11 


7Z93t'3.1 


Fig. 1 Pin configuration. 
Fig. 2 
logic symbol. 
Fig. 3 
IEC logic symbol. 
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INPUTS 
OUTPUT 


nA 
nB 
nC 
nY 


L 
L 
L 
H 


X 
X 
H 
L 


X 
H 
X 
L 
H 
X 
X 
L 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: S51 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 v; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


28 
90 
115 
135 
2.0 


tPHLI 
propagation delay 
10 
18 
23 
27 
ns 
4.5 
Fig. 6 


tpLH 
nA, n8. nC to nY 
8 
15 
20 
23 
6.0 


19 
75 
95 
110 
2.0 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 


lTLH 
6 
13 
16 
19 
6.0 


_____ 
T_r_i_p_le_3-_i_n_p_ut_N_o_R_9_a_t_e 
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74HC/HCT27 


SSI 


DC CHARACTERISTICS 
FOR 
74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
55) 


Note 
to HCT types 


The value of additional 
quiescent 
supply 
current 
(L',1ccl for a unit 
load of 1 is given in the family 
specificalions. 
To determine 
61CC per input. 
multiply 
this value by the unit 
load coefficient 
shown 
in the table below. 


AC 
CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = If = 6 ns; CL = 50 pF 


Tamb 
(OCI 
TEST 
CONDITIONS 


74HCT 
I 
SYMBOL 
PARAMETER 
-4010 
+851 


UNIT 
VCC 
WAVEFORMS 


+25 
--4010 
+125 
V 


min. 
typo 
max. 
min. 
max·1 
min. 
max. 


lPHLI 
propagation 
delay 
12 
21 
26 
32 
ns 
4.5 
Fig. 6 
lPLH 
nA, nB, nC 10 nY 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 


lTLH 


74HC/HCT27 


551 
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Fig. 6 Waveformsshowing the input (nA, nB, 
nC) to output (nY) propagation delays and the 
output 
transition 
times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


J,"""y 19861( 
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• 
Output 
capability: 
standard 


• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT30 are high-speed 
Si-gate CMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT30 provide the 8-input 
NAND function. 


74HC!HCT30 


SSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 


I 


propagation 
delay 
CL~15pF 
12 
12 
ns 
tpLH 
A, B, C, D. E. F, G. H to Y 
VCC ~ 5 V 


I 


I 
CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power dissipation 
notes 1 and 2 
15 
15 
pF 
capacitance 
per gate 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in "WI: 


PD ~ CPD x VCC' x fi + L (CL x VCC' x fol where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa ~ output frequency in MHz 
VCC ~ supply voltage in V 


1: (CL x VCC' x fa) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI ~ GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


14-lead 01 L: plastic 150T27). 
14·1ead mini-pack; plastic (5014; 
SOT108A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
A 
data input 


2 
B 
data input 


3 
C 
data input 


4 
D 
data input 


5 
E 
data input 


6 
F 
data input 


7 
GND 
ground (0 V) 


8 
Y 
data output 


g, 10. 13 
n.c. 
not connected 


11 
G 
data input 


12 
H 
data input 


14 
VCC 
positive 
supply 
voltage 


74HC/HCT30 
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I 
A 


2 
B 


3 
C, 0 


y 
B 


5 
E 


6 
F 


11 
G 


12 
H 


INPUTS 
OUTPUT 


A 
B 
C 
0 
E 
F 
G 
H 
Y 


L 
X 
X 
X 
X 
X 
X 
X 
H 


X 
L 
X 
X 
X 
X 
X 
X 
H 


X 
X 
L 
X 
X 
X 
X 
X 
H 


X 
X 
X 
L 
X 
X 
X 
X 
H 


X 
X 
X 
X 
L 
X 
X 
X 
H 


X 
X 
X 
X 
X 
L 
X 
X 
H 


X 
X 
X 
X 
X 
X 
L 
X 
H 


X 
X 
X 
X 
X 
X 
X 
L 
H 


H 
H 
H 
H 
H 
H 
H 
H 
L 


H = HIGH 
vOltage 
level 


L = LOW voltage 
level 
X = don't 
care 
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DC CHARACTERISTICS 
FOR 74 HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
Ice category: 551 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 
tPHLI 
propagation delay 
41 
130 
165 
195 
2.0 


tPLH 
A, B,~ 
D, E, ~G,HtoY 
15 
26 
33 
39 
ns 
4.5 
Fig. 6 


12 
22 
2B 
33 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


tTLH 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
6 
13 
16 
19 
6.0 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output 
capability: 
standard 
Ice category: 551 


Note to HCT types 


The value 
of additional 
quiescent 
supply 
current 
(6.ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
6lCC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


A, B, C, D, 
0.60 
E, F,G, H 


Tamb 1°C) 
TEST CONOITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
16 
28 
35 
42 
ns 
45 
Fig. 6 
tpLH 
A, B, C, D, E, F, G, H to Y 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


'I( M",h 1988 


74HC/HCT30 


SSI l 
_ 


Fig. 6 Waveforms 
showing the input 
lA, B, C, D, E, F, 
G, H) to output 
IYI propagation 
delays and .the output 


transition 
times. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
CL=15pF 
6 
9 
ns 
tpLH 
nA, nB to nY 
VCC = 5 V 


C, 
input capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
16 
2B 
pF 
capacitance per gate 


• 
Output 
capability: 
standard 
• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT32 are high-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7A. 


The 74HC/HCT32 provide the 
2-input OR function. 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlW): 


PD= CPD x VCC' x fi + ~ (CL x VCC' x fo) where: 


fj 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


L (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 
14-lead 
DI L; plastic 
(SOT271. 


14-lead 
mini-pack: 
plastic 
(5014; 
SOT1 D8Al. 


PIN NO_ 
SYMBOL 
NAME AND FUNCTION 


1,4,9,12 
lA to 4A 
data inputs 
2,5,10,13 
lB to 4B 
data inputs 


3,6,8,11 
1Y t04Y 
data outputs 
7 
GND 
ground (0 V) 


14 
VCC 
positive supply voltage 


, 
'A 


~ 


,,, 


~ 


2 
,. 
vcc 
4 
2A 


~ 
~ 


4. 
'" 
5 2. 


4A 
9 3A 


~ 
~ 


,. 3. 
'" 
3. 


12 
4A 


134B 


~ 


'" 
~ 


'3 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig.3 
IEClogic symbol. 
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INPUTS 
OUTPUT 


nA 
nB 
nY 


L 
L 
L 


L 
H 
H 
H 
L 
H 
H 
H 
H 


:=Do---t:>o-- y 


JZ90990 


A~_I'-.._I'-.. 


~<>-Y 


B 
7Z93123 


Fig.5 
Logic diagram 74HC 
(one gatel. 


Fig.6 
Logic diagram 74HCT 


(one gatel. 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 551 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 of 


Tamb (OC) 
TEST CONDITIONS 


74HC 
! 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


22 
90 


I 


115 
135 
2.0 
tPHLI 
propagation delay 
8 
18 
23 
27 
ns 
4.5 
Fig. 7 
tpLH 
nA, n8 to nY 
6 
15 
20 
23 
6.0 


19 
75 
95 
110 
2.0 
tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.7 
tTLH 
6 
13 
16 
19 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapter "HCMOS family characteristics", section "Family specifications". 


Output capability: standard 
ICC category: 551 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(tdCC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
~ICC per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


UNIT LOAD 
COEFFICIENT 


1.20 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
11 
24 
30 
tPLH 
nA, nB to nY 
36 
ns 
4.5 
Fig. 7 


tTHL/ 
I output transition time 
7 
15 
19 
tTLH 
22 
ns 
4.5 
Fig. 7 


74HC/HCT32 


SSI 
l 
_ 


"A."B 'NPUT\L 


V 


_ 
M 


_"_'------J 


1__ 
tplH--: 
I 


i 


Fig.7 
Waveforms 
showing 
the input 
(nA, nB) to 
output 
(n Y) propagation 
delays and the output 


transition times. 


Note 
to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC- 


HCT: VM = 1.3V;VI 
= GND t03V. 
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• 
Mutually 
exclusive outputs 
• 
1-of-8 demultiplexing 
capability 
• 
Outputs disabled for input codes 
above 
nine 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT42 are high·speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTLl. They are specified in 
compliancewithJEDEC 
standard no. 7A. 


The 74HC/HCT42 decoders accept 
four active HIGH BCD inputs ana provide 
10 mutually exclusive active LOWoutputs. 
The active LOW outputs facilitate 
addressing 
other 
MSI 
circuits 
with 
active 
LOW input enables. 


The logic designof the "42" ensuresthat 
all outputs are HIGH when binary codes 
greater 
than 
nine are applied 
to the inputs. 


The most significant input (A3) produces 
a useful inhibit function when the "42" 
is 
usedasa 1-of·8 decoder. The A3 input can 
also be used as the data input 
in an 


8-output demultiplexer application. 


74HC/HCT42 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
CL = 15 pF 
14 
17 
ns 


tpLH 
An to Yn 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
I 3.5 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
37 
37 
pF 
capacitance 
per package 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in /lW): 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fol where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output frequency in MHz 
VCC 
= supply voltage in V 


~ (CL X VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1, 2, 3,4, 5, 6, 
'YO to Yg 
multiplexer 
outputs 
7,9, la, 11 


B 
GND 
ground (0 VI 


15,14,13,12 
AOto A3 
data inputs 
16 
VCC 
positive supply voltage 


Vcc 


Yo 


AO 
IS 
AO 
Yl~2 


A, 
Y20- 
3 


A, 
AT 
YJ 0-4 
15 


V40--5 


A3 
Ys 0- 
6 
13 
13 
A, 
Ys 0- 
7 
" 
Yl0-9 


"8 
" 
A3 
Ya 0- 
10 


Yg 0-11 


lZ96129 


lZ96850 
t 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig.3 
IEC logic symbol. 


74HC/HCT42 


MSI l 
_ 


15 
AO 


A, 


13 
A, 


I 
12 
A3 


10 


11 
II 
i 


Fig.4 
"O"M"" "",,,mJ 


INPUTS 
OUTPUTS 


A3 
A2 
A1 
AO 
VA 
V1 
V2 
V3 
'1'4 
V5 
'1'6 
'1'7 
'1'8 
'1'9 


L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 


L 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 


L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 


L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 


H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


<>- Yo 


0-;;;- 


'0 
<>- Y, 


<>- Y3 


o-Y; 
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MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
-40 to +851 


UNIT 
VCC 
WAVEFORMS 
+25 
-40to+125 
V 


min. 
typo 
max. 
min. 
I max. 
min. 
max. 
I 


tPHL/ 
propagation 
delay 


I 


47 
150 
190 
225 
2.0 


I 


17 
30 
38 
45 
ns 
4.5 
Fig.6 
tpLH 
An to Yn 
14 
26 
33 
38 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(.6.ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine /'lICC per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND ~ 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCl 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
20 
35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
An to Yn 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


'I (AP';11987 


74HC!HCT42 


MSI 
l~ __ 


-t:j 


VMlll 


tTHL 
~ 


Fig.6 
Waveforms 
showing 
the input 
(An) 
to output 
(Y n) 
propagation 
delays and the output 
transition 
times. 


Note to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GND 
to VCC. 


HCT: 
VM = 1.3 V; VI = GND to 3 V. 


Awn 19871 ( 
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• 
Output 
capability: 
standard 


• 
ICC category: 
SS! 


The 74HC58 
is a high-speed 
Si-gate CMOS device and is pin 
compatible 
with 
low power 
Schottky 
TTL 
I LSTTL). 
It is specified 
in 


compliance 
with 
JEDEC 
standard 
no. 7A. 


The "58" provides two sections of 
AND-OR 
gates. 
One section 
contains 
a 2-wide, 
3·input 
I1A 
to 1F) AND-OR 


gate 
and the 
second 
section 
contai 
ns 
a 2-wide, 
2-input 
(2A to 20) 
AND-OR 


gate. 


74HC58 


551 


I 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 


tpHLI 


propagation 
delay 
CL = 15 pF 
1n to 1Y 
11 
ns 
tPLH 
2n to 2Y 
VCC = 5 V 
9 
ns 


CI 
input 
capacitance 
3.5 
pF 


CpO 


power 
dissipation 
notes 
1 and 2 
18 
pF 


capacitance 
per gate 


Notes. 


1. CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in IlW): 


Po = CPO x VCC' 
x fi + I (CL x VCC' 
x fa) 
where: 


f; 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


E (CL x VCC' 
x fa) = sum of outputs 


2. 
For HC 
the condition 
is VI = GND to VCC 


PACKAGE 
OUTLINES 
14-lead DI L: plastic ISOT271. 
14·1ead mini-pack; plastic (5014; 
SOT108Al. 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,12,13,9, 
1A to 1F 
data inputs 
10,11 


2.3,4,5 
2A to 20 
data 
inputs 


8,6 
1Y,2Y 
data 
outputs 


7 
GND 
ground 
(Q V) 


14 
VCC 
positive supply voltage 


INPUTS 
OUTPUT 


1A 
18 
1C 110 
1E 
1F 
1Y 


L 
X 
X 
L 
X 
X 
L 
L 
X 
X 
X 
L 
X 
L 


L 
X 
X 
X 
X 
L 
L 


X 
L 
X 
L 
X 
X 
L 


X 
L 
X 
X 
L 
X 
L 


X 
L 
X 
X 
X 
L 
L 


X 
X 
L 
L 
X 
X 
L 


X 
X 
L 
X 
L 
X 
L 


X 
X 
L 
X 
X 
L 
L 


X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
X 
X 
X 
H 


INPUTS 
OUTPUT 


2A 
2B 
2C 
20 
2Y 


L 
X 
L 
X 
L 


L 
X 
X 
L 
L 


X 
L 
L 
X 
L 


X 
L 
X 
L 
L 


X 
X 
H 
H 
H 
H 
H 
X 
X 
H 


H = HIGH 
voltage 
level 


L = LOW 
voltage 
level 
X = don't 
care 


2A~ 
2. 


0-- 
2Y 
2C~ 


2D~ 
lZ96734 
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Output capability: 
standard 
Ice category: 551 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74He 
SYMBOL 
PARAMETER 
UNIT 
Vee 
WAVEFORMS 


+25 
--40 to +85 
-40to+125 
V 


min. 
typo 
max. 
I min. 
max. I min. 
max. 


tpHLI 
propagation 
delay 
36 
115 
145 
175 
2.0 


13 
23 
29 
35 
ns 
4.5 
Fig.6 
tpLH 
1A,1 B,lC,l 
0,1 E,l F to 1Y 
10 
20 
25 
30 
6.0 


tPHLI 
propagation 
delay 
30 
100 
125 
150 
2.0 
11 
20 
25 
30 
ns 
4.5 
Fig. 6 
tpLH 
2A,2B,2C,2D 
to 2Y 
9 
17 
21 
26 
6.0 
I 


tTHLI 
19 
75 
95 
110 
2.0 


I 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to Vce· 
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74HC/HCT73 


flip-flops 


• 
Output 
capability: 
standard 
• 
ICC category: 
flip-flops 


GENERAL 
DESCRIPTION 


The 74HC/HCT73 
are high·speed 
Si·gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL (lSTTL). 
They are specified 
in 


compliance 
with JEDEC 
standard 
no. 7A. 


The 74HC/HCT73 
are dual negative· 


edge triggered JK-type 
flip-flops 
featuring 
individual 
J, K, clock (nCP) 


and reset (n if) inputs; also complementary 
Q and 0 outputs. 


The J and K inputs 
must be stable one 
set·up time prior to the HIGH·to·lOW 
clock 
transition 
for predictable 
operation. 


The reset (n R) is an asynchronous 
active 
lOW input. 
When lOW, 
it overrides 
the 
clock and data inputs, 
forcing the Q 


output 
LOW and the a output 
HIGH. 


Schmitt-trigger 
action 
in the clock 
input 


makes the circuit 
highly 
tolerant 
to 


slower 
clock 
rise and fall times. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 


tPHLI 
nCP to nQ 
16 
15 
ns 


tPLH 
nCP to nO 
CL = 15 pF 
16 
18 
ns 
nR to nQ, nO 
VCC = 5 V 
15 
15 
ns 


fmax 
maximum 
clock 
frequency 
77 
79 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CpD 
power 
dissipation 
notes 
1 and 2 
30 
30 
pF 
capacitance 
per flip-flop 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in /lW): 


PD = CPD x VCC' 
x fi + ~ (Cl 
X VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 
E (CL X VCC' 
x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 
14·lead 01 L: plastic (SOT27J 
14·lead mini pack; plastic IS014; SOT108A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,5 
let'",2et'" 
clock input (HIGH·to·lOW, 
edge-triggered) 
2,6 
lR,2R 
asynchronous 
reset inputs 
(active LOW) 
4 
VCC 
positive supply 
voltage 


11 
GND 
ground 
(0 VI 


12,9 
1Q,2Q 
true flip·flop 
outputs 
13,8 
10,20 
complement 
flip-flop 
outputs 


14,7,3,10 
lJ, 2J, 1K, 2K 
synchronous 
inputs; 
flip·flops 
1 and 2 


14 


1J 
12 


,5 


14 
IJ 
'0 
7 
2J 
0 
1Q 
12 


lCP 
'0 
9 
1 
C, 
FF 


S 
20 
1013 


2. 
3 ,. 
a 
25 
8 


10 
2K 
R 


lRf2R 
2 
• 


lJ 
0 
10 
J2 


lCP 
CP 
FF! 


3 
lK 
10 
13 
I. 


2J 
20 


2CP 


10 
20 


INPUTS 
OUTPUTS 
OPERATING 
MOOE 
nJ1 
"CP 
J 
K 
Q 
a 


asynchronous 
reset 
L 
X 
X 
X 
L 
H 


toggle 
H 
~ 
h 
h 
- 
q 
q 
load "0" 
(reset) 
H 
~ 
I 
h 
L 
H 


load "1" (set) 
H 
~ 
h 
I 
H 
L 


hold 
"no 
change" 
H 
j 
I 
I 
q 
q 


H = HIGH 
voltage 
level 
h = HIGH 
voltage 
level one set-up 
time 
prior 
to the 
HIGH-to-LOW 
CP transition 
L = LOW voltage 
level 


I = LOW voltage 
level one set-up 
time 
prior 


to the HIGH-to-LOW 
CP transition 
q = lower case letters indicate the state of the 
referenced 
output 
one set-up 
time 
prior 
to the HIGH-to-LOW 
CP transition 


X = don't 
care 


~ = HIGH-to-LOW 
CP transition 


74HC/HCT73 


flip-flops 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
flip-flops 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to+85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation 
delay 
52 
160 
200 
240 
2.0 
19 
32 
40 
48 
ns 
4.5 
Fig.6 


tPLH 
nCP to nQ 
15 
27 
34 
41 
6.0 


tPHLI 


52 
160 
200 
240 
2.0 
propagation 
delay 
19 
32 
40 
48 
ns 
4.5 
Fig. 6 


tpLH 
nCP to nO 
15 
27 
34 
41 
6.0 


tPHLI 


50 
145 
180 
220 
2.0 
propagation 
delay 
18 
29 
36 
44 
ns 
4.5 
Fig. 7 
tPLH 
nR to nQ, nO 
14 
25 
31 
38 
6.0 
. 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
ti me 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


80 
22 
100 
120 
2.0 
tw 
clock pulse width 
16 
8 
20 
24 
ns 
4.5 
Fig.6 
HIGH or LOW 
14 
6 
17 
20 
6.0 


80 
22 
100 
120 
2.0 


tw 
reset pulse width 
16 
8 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 
14 
6 
17 
20 
6.0 


80 
22 
100 
120 
2.0 


trem 


removal 
time 
16 
8 
20 
24 
ns 
4.5 
Fig. 7 


nR to nCP 
14 
6 
17 
20 
6.0 


80 
22 
100 
120 
2.0 


Isu 
set·up time 
16 
8 
20 
24 
ns 
4.5 
Fig. 6 
nJ, nK to nCP 
14 
6 
17 
20 
6.0 


3 
-8 
3 
3 
2.0 


th 
hold time 
3 
-3 
3 
3 
ns 
4.5 
Fig.6 
nJ, nK to nCP 
3 
-2 
3 
3 
6.0 


6.0 
23 
4.8 
4.0 
2.0 


fmax 
maximum 
clock 
pulse 
30 
70 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
83 
28 
24 
6.0 


'I( M",h 1988 
18' 


74HC/HCT73 


flip-flops 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: flip·flops 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(.6.lee) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
olce per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT 
LOAD 


COEFFICIENT 


nK 
0.60 


nR 
0.65 


nCP, nJ 
1.00 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74 HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40to 
+85 
-40to+125 
V 


min. 
typ, 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation delay 


I 


18 
38 
I 


48 
57 
ns 
4.5 
Fig. 6 


tpLH 
nCP to nQ 


tpH LI 
propagation delay 
21 
36 
45 
54 
ns 
4.5 


I 


Fig. 6 


tPLH 
nCP to nO 


tPHLI 
propagation delay 
20 
34 
43 
51 
ns 
4.5 
Fig. 7 


I 
tpLH 
nR to nO, nO 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
I 
tTLH 


tw 
clock pulse width 


I 


16 


1 
8 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tw 
reset pulse width 
18 
9 
23 
27 
ns 
4.5 
Fig. 7 
HIGH or LOW 


removal 
ti me 
14 


1 
8 
18 
21 
ns 
4.5 
Fig. 7 
trem 
nR to nCP 


tsu 


set-up time 
12 
6 
15 
18 
ns 
4.5 
Fig. 6 
nJ, nK to nCP 


th 
hold time 
3 
-2 
3 
3 
ns 
4.5 
Fig. 6 
nJ, nK to nCP 


fmax 


maximum 
clock 
pulse 
30 
72 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 


March 19881 ( 


74HC/HCT73 


flip-flops 


~~:~~f!!!!I!!iJ_ 
-'w- • 
~L_J~ 


l/fmall 


Fig. 6 Waveforms showing the clock (nCP) to 
output (nQ, nO) propagation delays, the clock 
pulsewidth, the J and K to nCPset-up and 
hold times, the output transition times and 
the maximum 
clock 
pulse frequency. 


Note to Fig. 6 


The shaded areas indicate 
when 
the input 
is 
permitted to change for predictable output 
performance. 


Fig.7 
Waveforms showing the reset (nR) input to 
output (nQ, nO) propagation delays and the reset 
pulse width and the nR to nCPremoval time. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


___ 
J 


74HC/HCT74 


flip-flops 


• 
Output capabil ity: standard 
• 
ICC category: flip-flops 


The 74HC/HCT74 are high-speed 
SI-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTLI- They are specified in 
compliance with JEOECstandard no. 7A_ 


The 74HC/HCT74 are dual positive- 
edge triggered, D-type flip-flops with 
individual data (D) inputs, clock ICP) 
inputs, set (SD) and reset (Ra) inputs; 
also complementary 
Q and a outputs. 


The set and reset are asynchronous 
active 
LOW 
inputs 
and operate 
independently of the clock input. 
Information 
on the data input 
is 
transferred to the ° output on the LOW- 
to-HIGH transition of the clock pulse. 
The D inputs must be stable one set-up 
time prior to the LOW-to-HIGH clock 
transition 
for predictable 
operation. 


Schmitt-trigger 
action 
in the clock 
input 


makes the circuit 
highly 
tolerant 
to 


slower 
clock 
rise and fall times. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 
tPHL/ 
nCPto nO, nO 
14 
15 
ns 


IpLH 
n~to 
nO, n~ 
CL = 15 pF 
15 
18 
ns 


nRD to nO, nO 
VCC = 5 V 
16 
18 
ns 


fmax 
maximum 
clock 
frequency 
76 
59 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


power dissipation 
notes 1 and 2 
24 
29 
pF 
capacitanceper flip-flop 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlWI: 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fa) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fa = output frequency in MHz 
VCC = supply voltage in V 


E (CL x VCC' x fa) = sum of outputs 


2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to Vcr 
- 1.5 V 


PACKAGE 
OUTLINES 


14-lead 
DI L: plastic 
ISOT271. 


14-lead mini-pack; 
plastic (5014; 
SOT108A), 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,13 
lRD,2RD 
asynchronous 
reset·direct 
input 
(active 
LOW) 


2,12 
1O,2D 
data inputs 
3,11 
1CP,2CP 
clock input (LOW-to-HIGH, edge·triggered) 


4,10 
lSD,2SD 
asynchronous 
set-direct 
input 
(active 
LOW) 


5,9 
10,20 
true flip-flop outputs 
6,8 
10,20 
complement flip-flop outputs 
7 
GND 
ground (0 VI 
14 
VCC 
positive 
supply 
voltage 


4 
10 


150 iso 


, 10 
So 


1220 
10 5 


3 Ie? 
,a 9 


11 2C? 
cp 
FF 
ii 


1()S 


'0 
208 


1 RO 
2Ro 
1 13 


74HC!HCT74 


flip-flops l 
_ 


4 
150 


2 
10 
10 
5 


3 
lCP 
Iii 
6 


lRD 


10 
250 


12 
20 
50 
20 
9 


11 
2CP 


CP 
FF2 
a 
20 
8 


AD 


13 
2RQ 


Fig. 4 
Functional 
diagram. 


INPUTS 
OUTPUTS 


SO 
Ro 
CP 
0 
0 
0 


L 
H 
X 
X 
H 
L 
H 
L 
X 
X 
L 
H 
L 
L 
X 
X 
H 
H 


INPUTS 
OUTPUTS 


SO 
Ro 
CP 
0 
°n+1 
°n+1 


H 
H 
t 
L 
L 
H 
H 
H 
t 
H 
H 
L 


H 
= HI GH voltage level 
L 
= LOW voltage level 


X 
= don't care 


t 
= LOW-to-HIGH Ci' transition 


Qn+l 
= state after the next LOW-to-HIGH 
CP transition 
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flip-flops 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 


ICC category: 
flip-flops 


AC CHARACTERISTICS 
FOR 74HC 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPH LI 
propagation delay 
47 
175 
220 
265 
2.0 


17 
35 
44 
53 
ns 
4.5 
Fig. 6 
tPLH 
nCP to nQ. nQ 
14 
30 
37 
45 
6.0 


tPHLI 
propagation delay 
50 
200 
250 
300 
2.0 


18 
40 
50 
60 
ns 
4.5 
Fig. 7 
tPLH 
nSO to nQ, nO 
14 
34 
43 
51 
6.0 


tPHLI 
pr~agation 
de~y 
52 
200 


1 


250 


I 


300 
2.0 
19 
40 
50 
60 
ns 
4.5 
Fig. 7 
tPLH 
nRO to nQ. nQ 
15 
34 
43 
51 
6.0 


lTHLI 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
19 
100 
120 
2.0 
tIN 
16 
7 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 
14 
6 
17 
20 
6.0 


set or reset pulse width 
80 
19 
100 I 
120 
2.0 
tIN 
16 
7 
20 
24 
ns 
4.5 
Fig. 7 
LOW 
14 
6 
17 
20 
6.0 


removal 
time 
30 
3 
40 
45 
2.0 


trem 
6 
1 
8 
9 
ns 
4.5 
Fig. 7 
set or reset 
5 
1 
7 
8 
6.0 


set-up time 


1 


60 
6 
75 
90 
2.0 
tsu 
12 
2 
15 
18 
ns 
4.5 
Fig. 6 
nO to nCP 
10 
2 
13 
15 
6.0 


hold time 
3 
-6 
3 
3 
2.0 


th 
nO to nCP 
3 
--2 
3 
3 
ns 
4.5 
Fig. 6 
3 
-2 
3 
3 
6.0 


maximum 
clock 
pulse 
6.0 
23 
4.8 
4.0 
2.0 


fmax 
30 
69 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
82 
28 
24 
6.0 


74HC!HCT74 


flip-flops l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: standard 
ICC category: 
flip-flops 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine t.lCC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


nO 
0.70 


n~D 
0.70 
n5D 
0.80 
nCP 
0.80 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typ, 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
18 
35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
nCP to nQ, nLl 


tPHLI 
propagation delay 
23 
40 
50 
60 
ns 
4.5 
Fig. 7 
tPLH 
n5D to nQ, nO 


tPHLI 
propagation delay 
24 
40 
50 
60 
ns 
4.5 
Fig. 7 


tPLH 
nAD to nQ, nO 


tTHLI 


I 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


tw 
clock pulse width 
18 


1 
9 
23 
27 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tw 
set or reset pulse width 
16 
9 
20 
24 


I 


ns 
4.5 
Fig. 7 
LOW 


trem 
removal 
time 
6 
1 
8 
9 
ns 
4.5 
Fig. 7 


set or reset 


tsu 
set-up time 
12 
5 
15 
18 
ns 
4.5 
Fig. 6 
nD to nCP 


hold time 
3 
-3 
3 
3 
ns 
4.5 
Fig. 6 
th 
nO to nCP 


fmax 


maximum 
clock 
pulse 
27 
54 
22 
18 
MHz 
4.5 
Fig. 6 
frequency 
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nCP 
INPUT 
~ 


_________________ 
,__ ,_,,_J_ 


M 


~VMI" 
j 
bd 


Jr- 


Note to AC waveforms 


(1) 
HC 
VM = 50%; VI = GNo 
to VCC' 


HCT: 
VM = 1.3V; 
VI = GNo 
to 3V. 


Fig. 6 Waveforms 
showing 
the clock 
(nCP) 
to 
output 
(nO, nO) propagation 
delays, 
the clock 


pulse width, 
the nO to nCP set-up, 
the nCP to nO 
hold times, the output transition times and the 
maximum 
clock 
pulse frequency. 


Note to Fig. 6 


The shaded areas indicate when the input is 
permitted 
to change for 
predictable 
output 


performance. 


Fi\1; 7 Waveforms 
showing 
th':...set (nSo) 
and reset 
(nRo) 
mput 
to output 
(nO, nO) propagation 
delays, 


the set and reset pulse widths 
and the nRo 
to nCP 


removal 
time. 


_____ 
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74HC/HCT75 


MSI 


FEATURES 


• 
Complementary 
Q and a outputs 
• 
VCC and GND on the centre pins 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HCfHCT75 are high-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliancewithJEDEC 
standard no. 7A. 


The 74HCfHCT75 havefour bistable 
latches. 
The two latches are simultaneously 
controlled by one of two active HIGH 
enable inputs (LEl_2 and LE3-4). 
When LEn_nis HIGH, the data enters the 
latchesand appearsat the nQ outputs. 
The nQ outputs follow the data inputs 
(nO) as long as LEn_nis HIGH 
(transparent). The data on the nD inputs 
one set-up time prior to the 
HIGH-ta-LOW transition of the LEn_n 
will be stored in the latches.The latched 
outputs 
remain stable as long as the 
LEn_nis LOW. 


10 
'a 
'0 


LE3_4 
LE1.2 


GNO 


30 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLf 


propagation delay 
CL=15pF 
nD to nQ, nLl 
11 
12 
ns 


tPLH 
LEn_nto nQ, nLl 
VCC = 5 V 
11 
11 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 1 and 2 
42 
42 
pF 
capacitance per latch 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in /lWI: 


PD= CPD x VCC' x fi + l: (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 
l: (CL X VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 
16-leed 
OIL: plastic 
(SOT38Zl. 


16-lead 
mini-pack: 
plastic 
(5016: 
SOT109Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,14,11,8 
10 to 40 
complementary latch outputs 


2,3,6,7 
1D to 4D 
data inputs 


4 
LE34 
latch enable input, latches3 and 4 
(active HIGH) 


5 
VCC 
positive supply voltage 


12 
GND 
ground (0 V) 


13 
LEl-2 
latch enable input, latches 1 and 2 
(active HIGH) 


16,15,10,9 
1Qt04Q 
latch outputs 


13 


LE1·2 
10 
1. 
10 
10 


'0 
15 
'0 
'0 
14 
Ll.2 


LJ.4 
30 
10 
30 
30 
11 


40 
40 
40 
LE3·4 


74HC/HCT75 


MSI 
l 
_ 


, 
10 
la 


" 


'3 
LE'.2 
C? 


0 
10 
L1 


3 
20 
2a 
15 


C? 
20 
14 


l2 


6 
30 
3a 
'0 
, 
LE3.4 


C? 


0 
30 
11 
L3 


7 
40 
4a 


C? 


0 
40 
8 
L4 


Fig. 4 
Functional 
diagram. 


INPUTS 
OUTPUTS 


OPERATING 
MODES 


LEn·n 
nD 
nQ 
nQ 


data enabled 
H 
L 
L 
H 


H 
H 
H 
L 


data latched 
L 
X 
- 
q 
q 


H = HIGH voltage level 
L = LOW voltage level 
q = lawer caseletters indicate the state of the 
referenced 
output 
one set~up time 
prior 


to the HIGH·to·LOW 
LEn_n transition 


X::::: don't 
care 
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74HC/HCT75 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = a v; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


33 
110 
140 
165 
2.0 


I 


tPHLI 
propagation 
delay 
12 
22 
28 
33 
ns 
4.5 
Fig. 6 
tPLH 
nD to nQ 
10 
19 
24 
28 
6.0 


tPHLI 


39 
120 
150 
180 


I 


2.0 
propagation 
delay 
14 
24 
30 
36 
ns 
4.5 
Fig. 7 


tPLH 
nD to nO 
11 
20 
26 
31 
6.0 


tPHLI 
33 
120 


1 


150 
180 
2.0 
propagation 
delay 
12 
24 
30 
36 
ns 
4.5 
Fig. 8 
tPLH 
LEn_n to nQ 
10 
20 
26 
31 
6.0 


tPHLI 


39 
125 
155 
190 
2.0 
propagation 
delay 
14 
25 
31 
38 
ns 
4.5 
Fig. 8 
tpLH 
LEn_n to nO 
11 
21 
26 
32 
6.0 


tTHLI 


19 
75 
95 
110 
2.0 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 


tTLH 
6 
13 
16 
19 
6.0 


enable pulse width 
80 
17 
100 
120 
2.0 


tw 
16 
6 
20 
24 
ns 
4.5 
Fig. 8 
HIGH 
14 
5 
17 
20 
6.0 


60 
14 
75 
90 
2.0 
lsu 
set~up time 
12 
5 
15 
18 
ns 
4.5 
Fig. 9 
nD to LEn-n 
10 
4 
13 
15 
6.0 


hold time 
3 
-8 
3 
3 
2.0 


!h 
3 
-3 
3 
3 
ns 
4.5 
Fig. 9 
nD to LEn-n 
3 
-2 
3 
3 
6.0 
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74HC/HCT75 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
Ice 
category: 
MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(L},lCCI for a unit 
load of 1 is given in the family 
specifications, 
To determine 
6.1CC per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT 
LOAD 
COEFFICIENT 


nO 
0.75 


LEn·n 
1.00 


AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to+85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 


1 
15 
28 
35 
42 
ns 
4.5 
Fig. 6 
tpLH 
nO to nQ 


tpHLI 
propagation 
delay 
15 
28 
35 


1 
42 
ns 
[ 4.5 
Fig. 7 
tPLH 
nO to nQ 


tPHLI 
propagation 
delay 
13 
28 
35 
42 
ns 
4.5 
Fig.8 
tPLH 
LEn.n to nQ 


tPHLI 
propagation 
delay 
15 
30 
38 
45 
ns 
4.5 
Fig. 8 
tPLH 
LEn.n to nO 


tTHLI 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 


tw 
enable 
pulse width 
16 
4 
20 
24 
ns 


14.5 
Fig. 8 


HIGH 


tsu 
set-up time 
12 
4 
15 
18 
ns 
4.5 
Fig. 9 
nO to LEn.n 


th 
hold time 
3 
-2 
3 
3 
4.5 
Fig. 9 


nO to LEn.n 
ns 
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74HC/HCT75 


MSI 


'0 
'NPUT 
1_V_M_"_' 
, 


'a 
OUTPUT 
1-IPHLJ1 ::_,_,, 
'_I'__ 'P_L_H_l 
",,,. 
"" It;: 
L, 


Fig. 6 Waveforms 
showing 
the data input 
(nO) to 


output 
(nQ) propagation 
delays and the output 


transition times. 


Fig. 7 Waveforms 
showing 
the data input 
(nO) to 


output 
(nQ) propagation 
delays and the output 
transition 
times. 


'PLH~ 


nO OUTPUT 
VM 


-----.: 
- 
tTLH 
Fig. 9 Waveforms 
showing 
the data set-up and 


hold times for nO input to LEn_n input. 


Fig. 8 Waveforms 
showing the latch enable input 


(LEn-n) pulse width, 
the latch enable input to 


outputs 
(nQ, nO) propagation 
delays and the 
output transition times. 


Nate to Fig. 9 


The shaded areas indicate 
when the input 
is 


permined 
to change for predictable 
output 


performance. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GNO to VCC' 


HCT: VM = 1.3 V; VI = GNO to 3 V. 


___ 
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• 
Serial or parallel expansion without 
extra gati ng 


• 
Magnitude comparison of any binary 
words 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT85 are high'speed 
Si·gateCMOSdevicesand are pin 
compatible with low power Schottky 
ITL 
(LSITL). 
They are specifiedin 


compliance with JEDEC standardno. 7A. 


The 74HC/HCT85 are 4-bit magnitude 
comparators that can be expanded to 
almost any length. They perform 
comparison of two 4·bit binary. BCD or 
other monotonic 
codes and present the 
three possible magnitude resultsat the 
outputs (OA>B. 0A=B and 0A<B). 
The 4-bit inputs areweighted (AOto A3 
and BOto B31.where A3 and B3 are the 
most significant 
bits. 


The operation of the "85" is describedin 
the function table. showing all possible 
logic conditions. The upper part of the 
table 
describes 
the normal 
operation 


under 
all conditions 
that 
will occur in a 


single device or in a seriesexpansion 
scheme. In the upper part of the table 
the three 
outputs 
are mutually 
exclusive. 
In the lower part of the table, the outputs 
reflect the feed forward conditions that 
exist 
in the parallel 
expansion 
scheme. 


For proper 
compare 
operation 
the 
expander inputs (IA>B. 
IA=B and IA<B) 


to the least significant 
position 
must be 


connected asfollows: IA<B = IA>B = 
= LOW and IA=B = HIGH. 
For words 
greater 
than 
4-bits, 
units can be 


cascadedby connecting outputs OA<B, 
OA>B and 0A=B to the corresponding 
inputs 
of the significant 
comparator. 


74HC/HCT85 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


propagation delay 
An. Bn to 0A>B. 0A<B 
20 
22 
ns 


tpHLI 
An. Bn to 0A=B 
CL = 15 pF 
18 
20 
ns 


tPLH 
IA<B. IA=B. IA>B to 
VCC = 5 V 


°A<B.OA>B 
15 
15 
ns 


IA=B to 0A=B 
11 
15 
ns 


Ct 
input capacitance 
3.5 
3.5 
pF 


CPD 


power dissipation 
notes 1 and 2 
18 
20 
pF 
capacitanceper package 


GND=OV;Tamb=25°C; 
tr=tf=6ns 


Notes 


1. CPD is uSedto determine the dynamic power dissipation (PD in ~W): 


PD = CPD x VCC' x fi + E (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 


E (CL x VCC' x fol = sum of outputs 


2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-leadOIL: plastic ISOT38Zl. 
16-leadmini-pack: plastic(5016: SOT109A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


2 
IA<B 
A < B expansion 
input 
3 
IA=B 
A = B expansion 
input 
4 
IA>B 
A > B expansion 
input 


5 
°A>B 
A> 
B output 
6 
°A=B 
A = B output 
7 
QA<B 
A < B output 
8 
GND 
gro~nd (0 V) 


9,11,14,1, 
BOto B3 
word 
B inputs 


10,12,13.15 
AOto A3 
word 
A inputs 
16 
VCC 
positive 
supply 
voltage 


10 
AO 
'0 


COMP 


·0 
12 J 


12 
A, 
13 


11 ., 


QA<B 
IS 


13 
A, 
,. 
., 


CA •• B 
} 


p<a 
11 
p·a 
IS 
A,., 
,. 
p>a 
QA>8 


'.0.<8 


IA:B 
< 


IA>B 
> 


JZ93222 


1293223 


Fig. 1 Pin configuration. 
Fig. 2 Logicsymbol. 
Fig.3 
IEClogic symbol. 
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• 
Process 
controllers 


• 
Servo-motor 
control 


COMPARING 
INPUTS 
CASCADING 
INPUTS 
OUTPUTS 


A3,B3 
AZ,BZ 
A1, B1 
AO,BO 
IA>B 
IA<B 
IA=B 
QA>B 
QA<B 
QA=B 


A3>B3 
X 
X 
X 
X 
X 
X 
H 
L 
L 


A3<B3 
X 
X 
X 
X 
X 
X 
L 
H 
L 


A3=B3 
AZ>BZ 
X 
X 
X 
X 
X 
H 
L 
L 


A3=B3 
AZ<BZ 
X 
X 
X 
X 
X 
L 
H 
L 


A3=B3 
AZ=BZ 
Al>B1 
X 
X 
X 
X 
H 
L 
L 


A3=B3 
AZ=BZ 
Al<Bl 
X 
X 
X 
X 
L 
H 
L 


A3=B3 
AZ=BZ 
Al=Bl 
AO>BO 
X 
X 
X 
H 
L 
L 


A3=B3 
AZ=BZ 
AFBl 
AO<BO 
X 
X 
X 
L 
H 
L 


A3=B3 
AZ=BZ 
Al=Bl 
AO'~BO 
H 
L 
L 
H 
L 
L 


A3=B3 
AZ=BZ 
A1=B1 
AO=BO 
L 
H 
L 
L 
H 
L 


A3=B3 
AZ=BZ 
A1=B1 
AO=BO 
L 
L 
H 
L 
L 
H 


A3=B3 
AZ=B2 
Al=B1 
AO=BO 
X 
X 
H 
L 
L 
H 


A3=B3 
A2=B2 
Al=Bl 
AO=BO 
H 
H 
L 
L 
L 
L 


A3=B3 
A2=BZ 
Al=Bl 
AO~'BO 
L 
L 
L 
H 
H 
L 


H = HIGH voltage level 
L = LOW voltage level 
X =don't care 
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QA>B 


" 
., 


'A<B 


IA"'B 
°A"B 


IA>e 


., 
., 


QA <8 


74HC/HCT85 


MSI l 
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For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
63 
195 
245 
295 
2.0 
23 
39 
49 
59 
ns 
4.5 
Fig. 6 
tpLH 
An, Bn to 0A>B 
or QA<B 
18 
33 
42 
50 
6.0 


tpH LI 
I 


propagation 
delay 
58 
175 
220 
265 
2.0 
21 
35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
An, 8n to QA=B 
17 
30 
37 
45 
6.0 


tPHLI 
propagation 
delay 
50 
140 
175 
210 
2.0 
IA<B, 
IA=8, 
IA>B to 
18 
28 
35 
42 
ns 
4.5 
Fig. 6 
tpLH 
°A<8,OA>8 
14 
24 
30 
36 
6.0 


tPHLI 
propagation 
delay 
39 
120 


1 


150 


I 


180 
2.0 


14 
24 
30 
36 
ns 
4.5 
Fig. 6 
tpLH 
IA=B to 0A=8 
11 
20 
26 
31 
6.0 


tTHLI 


19 
75 
95 
110 
2.0 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 
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MSI 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapter "HCMOS family characteristics", section "Family specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (6ICC) for a unit load of 1 is given in the family specifications. 
To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


IA<B 
1.00 


IA>B 
1.00 


IA=B 
1.50 
An, Bn 
1.50 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 v; tr = tf = 6 ns; CL = 50 pF 


Tamb fOCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max·1 
min. 
max. 
min. 
max. 


tPHLI 


I 


propagation delay 
26 
44 
55 
66 
ns 
4.5 
Fig.6 


tpLH 
An. Bn to QA>B or QA<B 


tPHLI 
propagation delay 
24 
40 
50 
60 
ns 
4.5 
Fig. 6 


tPLH 
An, Bn to QA=B 


tPHLI 
propagation delay 


tpLH 
IA<B. IA=B, IA>B to 
lB 
31 
39 
47 
ns 
4.5 
Fig. 6 
QA<B,QA>B 


tpHLI 
propagation delay 
18 
31 
39 
47 
ns 
4.5 
Fig. 6 
tPLH 
IA=B to QA=B 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 


tTLH 


74HC/HCT85 


MSI 
l 
_ 


Fig. 6 Waveformsshowing the word A inputs 
(An), word B inputs (Bnl and expansion inputs 
(In) to the outputs (On) propagation delaysand 
the output 
transition 
times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3V; VI = GND to 3V. 


1,11,>8 


1,11,·9 


1,11,<8 


HCIHCT85 


AO 
Al 


A2 
A3 
80 
81 
82 
83 


1,11,> 
B 


IA·8 
IA <8 


He/HeT8s 


AO 


A1 
A2 
A3 
80 


B1 
OA,> 
e 
82 
QA· 
B 
B3 
QA < B 


1A, > 
B 


1,11,·8 


1,11, < B 


He/HeTBS 


AO 
Al 
A2 
A3 
80 


81 
QA,>S 
} 
82 
QA. 
8 
outpull 
83 
0A < 8 


1 


AO 
Al 


least 
,11,2 


si<;)".ific.m 
,11,3 
4 bIts of 
80 


IIchWOl"G 
81 


82 
83.. 
AS 
A' 
A7 
84---- 
8S---- 
,,---- 
87---- 


1 


A8- 
A9 
Al0---- 


=ficlnt 
All 
4 birsof 
88 
-=" wotd 
89 
810 
8" 
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He/HeTBS 


Bll 
B3 


All 
A3 
BID 
B2 
A'O 
A2 
QA <8 
B' 
BI 
QA" 
B 
A' 
Al 


B' 
BO 
QA >8 


AB 
AD 
B7 
IA <8 


GNO 
IA" 
8 
A7 
IA >8 


HC/HCT85 


BB 
B3 
A6 
A3 
BS 
B2 
AS 
A2 
QA <8 


B. 
Bl 


A' 
Al 
QA" 8 


B3 
BO 
QA> 
8 


A3 
AD 
B2 
IA <8 
GNO 
IA" 
B 
A2 
IA >8 


HC/HCT85 


Bl 
B3 
A' 
A3 
BO 
B2 
B 
A2 
QA <8 


GNO{ 


B' 
QA" 
B 
Al 
BO 
°8> 
B 


B 
IA <B 
Vee 
IA" 
8 
GNO 
IA >8 


HC/HCT85 


B3 
A3 
B2 
A2 
Bl 


Al 
BO 
AD 


IA < 8 


IA" 
8 


IA>8 


} 
outputs 


____ 
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TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagationdelay 
CL=15pF 
11 
14 
ns 


tPLH 
nA, nB to nY 
VCC = 5 V 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 1 and 2 
30 
30 
pF 
capacitance per gate 


• 
Output 
capability: 
standard 
• 
'CC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCTB6 are high-speedSHlate 
CMOSdevicesand are pin compatible with 
low power Schottky TTL (LSTIL). 
They 
are specified in compliance with JED EC 
standard no. 7A. 


The 74HC/HCTB6 provide the 
EXCLUSIVE-OR 
function. 


Notes 


1. CPO is usedto detennine the dynamic power dissipation (PD in /lW): 


Po = CPOX VCC' x fi + :!: (CL X VCC' x fa) where: 


fi 
= input frequency in MHz 
CL 
output load capacitancein pF 
fo = outPut frequency in MHz 
VCC = supply voltage in V 


:E (CL X VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 
14-lead01L; plastic ISOT27) 
14-leadmini pack; plasticIS014; SOTlDBA) 


PIN NO_ 
SYMBOL 
NAI'!IE AND FUNCTION 


1,4,9,12 
1At04A 
data inputs 


2,5,10,13 
1Bto 4B 
data inputs 


3,6,8,11 
1Yt04Y 
data outputs 


7 
GND 
ground (0 V) 


14 
VCC 
positive supply voltage 


lY 3 
=q 
~ 
2 
I. 


4. 
4 2. 
=q 
~ 
2Y 6 
S 2. 


, 
3. 


~ 


-I 
~ 


3Y • 
3. 
10 3. 


12 


~ 
~ 


4Y 
11 


13 48 


Fig. 1 Pin configuration. 
Fig. 2 Logicsymbol. 
Fig. 3 IEC logic symbol. 
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1 ,. 
lY 
3 
2 ,. 


4 
2. 
2Y 
6 
5 
2. 


9 
3' 
3Y • 
10 
3. 


12 
4. 
4Y 
11 
13 4. 


INPUTS 
OUTPUTS 


nA 
nB 
nY 


L 
L 
L 


L 
H 
H 


H 
L 
H 
H 
H 
L 


Output capabil ity: standard 
ICC category: 551 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = If = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


39 
120 
150 
180 
2.0 


tPHLI 
propagation delay 
14 
24 
30 
36 
ns 
4.5 
Fig. 6 
tPLH 
nA. nB to nY 
11 
20 
26 
31 
6.0 


19 
75 
95 
110 
2.0 


trHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
trLH 
6 
13 
16 
19 
6.0 
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For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: 551 


Note to HCT types 


The value of additional quiescent supply current (/lICC) for a unit load of 1 isgiven in the family specifications. 
To determine /lICC per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


1.0 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 ~IF 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
17 
32 
40 
48 
ns 
4.5 
Fig. 6 
tpLH 
nA, nB to nY 


trHLI 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
trLH 


74HC/HCT86 


551 l 
_ 


Fig. 6 Waveformsshowing the input (nA, nB) to 
output (nY) propagation delaysand the output 
transition 
times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC. 


HCT: VM= 1.3V;VI 
=GNDt03V. 
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• 
Various counting modes 
• 
Asynchronous 
master reset 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT93 
are high·speed 
si-gate 
CMOS devices and are pin 
compatible 
with 
low 
power 
Schottky 


TTL 
I LsTTLI. 
They 
are specified 
in 


compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT93 
are 4-bit 
binary 
ripple 
counters. 
The devices consist of 
four 
master-slave 
flip-flops 
internally 
connected 
to provide 
a divide-by-two 
section 
and a divide-by-eight 
section. 
Each section has a separate clock input 
(CPO and CP1 I to initiate 
state changes 
of the counter 
on the H IGH-to-LOW 
clock 
transition. 
State changes of the On outputs 
do not occur simultaneously 
because of 
internal 
ripple 
delays. 
Therefore, 
decoded 
output 
signals are subject 
to decoding 
spikes and should 
not 
be used for clocks 
or strobes. 


A gated AND asynchronous 
master reset 


(MR1 
and MR2) 
is provided 
which 
overrides 
both 
clocks and resets (clears) 
all flip-flops. 


Since the output 
from 
the divide-by-two 
section 
is not internally 
connected 
to the 
succeeding 
stages, the device may be 
operated 
in various 
counting 
modes. 


In a 4-bit 
ripple 
counter 
the output 
00 


must be connected 
externally 
to input 
CP1. 
The input 
count 
pulses are applied 
to clock input CPa- Simultaneous 
frequency 
divisions 
of 2, 4, 8 and 
16 are performed 
at 
the QO, Q1, Q2 and Q3 outputs 
as shown 


in the function 
table. 
As a 3-bit 
ripple 


counter 
the input 
count 
pulses are applied 
to input 
CPl. 


Simultaneous 
frequency 
divisions 
of 2, 4 
and 8 are available 
at the Q1. Q2 and Q3 
outputs. 
Independent 
use of the first 
flip-flop 
is available 
if the reset function 
coincides 
with 
reset of the 3·bit 
ripple·through 
counter. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation 
delay 
12 
15 
ns 


tPLH 
CPa to Qo 
CL ~ 15 pF 
VCC 
~ 5 V 


fmax 
maximum 
clock 
frequency 
100 
77 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 
1 and 2 
22 
22 
pF 
capacitance 
per package 


GND 
~ a V; Tamb 
= 25°C; 
tr = tf = 6 ns 


Notes 


1. CPD is used to determine 
the dynamic 
power 
dissipation 
(P D in IlW): 


PD = CPD x VCC' 
x fi + ~ ICL 
x VCC' 
x fol 
where: 


f( 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa 
= 
output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 
L (CL x VCC' 
x fol 
= sum of outputs 


2. 
For HC 
the condition 
is VI = GND 
to VCC 


For HCT 
the condition 
is VI = GND 
to VCC 
- 
1.5 V 


PACKAGE 
OUTLINES 


14-lead DI L; plastic 
(SOT271 
14-lead mini pack; plastic (5014; 
SOT1 DBA) 


PIN NO. 
SYMBOL 
I NAME 
AND 
FUNCTION 


1 
CP1 
clock 
input 
2nd, 
3rd and 4th 
section 
(HIGH·to·LOW, 
edge-triggeredl 


2, 3 
MR1, 
MR2 
asynchronous 
master 
reset (active 
HIGH) 


4,6,7,13 
n.c. 
not connected 


5 
VCC 
positive 
supply 
voltage 


10 
GND 
ground 
(0 V) 


12,9,8,11 
QO to Q3 
flip-flop 
outputs 


14 
CPa 
clock 
input 
1st section 
(HIGH-to-LOW, 


edge-triggered) 


q 


23 
12 


o,v, {O 


CT 
' 


2 


74HC/HCT93 


MSI l 
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OUTPUTS 


COUNT 


00 
0, 
°2 
°3 


0 
L 
L 
L 
L 
1 
H 
L 
L 
L 
2 
L 
H 
L 
L 
3 
H 
H 
L 
L 


4 
L 
L 
H 
L 


5 
H 
L 
H 
L 
6 
L 
H 
H 
L 
7 
H 
H 
H 
L 


8 
L 
L 
L 
H 
9 
H 
L 
L 
H 


10 
L 
H 
L 
H 


11 
H 
H 
L 
H 


12 
L 
L 
H 
H 
13 
H 
L 
H 
H 


14 
L 
H 
H 
H 


15 
H 
H 
H 
H 


MODE SELECTION 


RESET INPUTS 
OUTPUTS 


MR, 
MR2 
00 
°3 


H 
H 
L 
L 
L 
L 


L 
H 
count 


H 
L 
count 


L 
L 
count 


Note to function table 


Output 00 connected to ~1' 
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DC CHARACTERISTICS 
FOR 74 HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
41 
125 
155 
190 


1 


20 


tPLH 
CPo to 00 
15 
25 
31 
38 
ns 
4.5 
Fig.6 


12 
21 
26 
32 
6.0 


tpHLI 
propagation delay 
49 
135 
170 
205 
2.0 


16 
27 
34 
41 
ns 
45 
Fig.6 
tpLH 
CP1 to 01 
13 
23 
29 
35 
6.0 


I 


tPHLI 
propagation 
delay 
61 
185 
230 
280 
2.0 
22 
37 
46 
56 
ns 
4.5 
Fig. 6 
tpLH 
CPl 
to 02 
18 
31 
39 
48 
6.0 


tPHLI 
propagation 
delay 
80 
245 
305 


I 


370 
2.0 
29 
49 
61 
71 
ns 
4.5 
Fig. 6 
tPLH 
CPl to 03 
23 
42 
52 
63 
6.0 


propagation delay 
50 


1 


155 
195 
235 


I ns 


2.0 
tPHL 
18 
31 
39 
47 
4.5 
Fig. 7 
MRn to On 
14 
26 
33 
40 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


I Fig. 
output 
transition 
time 
7 
15 
19 
22 
ns 
45 
6 
tTLH 
6 
13 
16 
19 
6.0 


removal 
time 
50 
8 
65 
75 
2.0 
trem 
MRn to CPO. CP1 
10 
3 
13 
15 
ns 
4.5 
Fig. 7 
9 
2 
11 
13 
6.0 


pulse width 
80 
14 
100 
120 
20 
I Fig.6 
tw 
ryO. ry1 
16 
5 
20 
24 
ns 
45 
14 
4 
17 
20 
60 


master 
reset 
pulse 
width 
80 
14 
100 


I 


120 
2.0 
tw 
MRn 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 
14 
4 
17 
20 
6.0 


maximum 
clock 
pulse 
6.0 
30 
48 
4.0 
2.0 


fmax 
frequency 
30 
91 
24 
20 
MHz 
4.5 
Fig. 6 
CPO. CPl 
35 
108 
28 
24 
6.0 


74HC!HCT93 


MSI l 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapter "HCMOS family characteristics", section "Family specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (t.ICC) for a unit load of 1 is given in the family specifications. 
To determine t.ICC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


CPO'CP1 
0.60 
MRn 
0.40 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
18 
34 
43 


1 
51 
ns 
4.5 
Fig. 6 


tPLH 
CPOto QO 


tPHLI 
propagation delay 
18 
34 
43 
51 
ns 
4.5 
Fig. 6 
tpLH 
CP1 to Q1 


tPHLI 
propagation delay 
24 
46 
58 
69 
ns 
4.5 
Fig. 6 
tPLH 
CP"1to Q2 


tpHLI 
propagation delay 


I 


30 
58 
73 
87 
ns 
4.5 
Fig.6 
tpLH 
CP"1to Q3 


tpHL 
propagation delay 
17 
33 
41 
50 
4.5 
Fig. 7 
MRn to Qn 
ns 


tTHLI 
I output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


trem 
removal 
ti me 
10 
3 
13 
15 
4.5 
Fig. 7 
MRn to CP"O,CP"1 
ns 


tw 
pulse width 
16 
7 
20 
24 
4.5 
Fig.6 
CPO,CP1 
ns 


tw 
master reset pulse width 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 
MRn 


maximum 
clock 
pulse 


fmax 
frequency 
30 
70 
24 
20 
MHz 
4.5 
Fig. 6 
CPO,CP1 
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CPn 
INPUT 
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'THL -- 
.• 
- 
tTLH 


Fig. 6 Waveforms 
showing 
the clock 
ICPn) to 
output 
IOn) 
propagation 
delays, 
the clock 
pulse 


width, 
output 
transition 
times and the maximum 


clock 
pulse frequency. 


Fig. 
7 
Waveforms 
showing 
the 
master 
reset 
(MRn) 


pulse width, 
the master 
reset to output 
(Qn) 


propagation 
delays 
and the master 
reset to clock 
ICPn) removal 
time. 


Note to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GND 
to VCC' 


HCT: 
VM = 1.3 V; VI ~ GND 
to 3 V. 


"I ("J'"""Y 
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74HC/HCT107 


flip-flops 


• 
Output 
capability: 
standard 
• 
ICC category: 
flip-flops 


GENERAL 
DESCRIPTION 


The 74HC/HCT107 
are high-speed 
si-gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL (LsTTL). 
They are specified in 
compliance with JEDEC standard no. 7A. 


The 74HC/HCT107 
are dual negative- 


edge triggered JK-type flip-flops 
featuring in~ividual J, K, clock (nCP) 
and re~ 
(nR) inputs; also complementary 
Q and Q outputs. 


The J and K inputs must be stable ol1e 
set-up time prior to the HIGH-to-LOW 
clock transition 
for predictable operation. 


The reset (nR) is an asynchronous active 
LOW input. When LOW, it overrides the 
clock and data inputs, forcing the Q 
output 
LOW and the 0 output 
HIGH. 


Schmitt-trigger 
action 
in the clock 
input 


makes the circuit 
highly 
tolerant 
to 


slower 
clock 
rise and fall times. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 
tPHLI 
nCP to nQ 
16 
16 
ns 


tPLH 
nCP to nO 
CL = 15 pF 
16 
18 
ns 


nR to nQ, nO 
VCC = 5 V 
16 
17 
ns 


fmax 
maximum clock frequency 
78 
73 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPO 
power dissipation 
notes 1 and 2 
30 
30 
pF 
capacitance per flip-flop 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in /J-WI: 


Po = CPO x VCC' x fi + ~ (CL x VCC' 
x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo 
= output 
frequency in MHz 
VCC 
= supply voltage in V 


E (CL x VCC' x fo1 = sum of outputs 
2. For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


14-1•• d 01 L; plastic 
(SOT271. 


14-lead 
mini-pack: 
plastic 
(SOH: 
SOT108Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,8,4,11 
1J, 2J, 1K, 2K 
synchronous inputs; flip-flops 
1 and 2 


2,6 
10,20 
complement flip-flop 
outputs 


3,5 
1Q,2Q 
true flip-flop 
outputs 
7 
GND 
ground (0 V) 
12,9 
1CP,2CP 
clock input (HIGH-to-LOW, 
edge-triggered) 


13,10 
1R, 2R 
asynchronous reset inputs (active LOW) 


14 
VCC 
positive supply voltage 


1 
1J 
, 2J 
0 
10 


12 lCP 
20 


c. 
FF 
• 
2CP 
15 
4 ,. 
5 
,5 


11 2. 


" 
2' 


1Z9J194 
lJ 
'0 


74HC/HCT107 


flip-flops l 
_ 


1J 
0 
'0 
3 


12 
ICP 
CP 
FF1 
,. 
0 
'0 


13 
,ii 


'J 
'0 


lCP 


CP 
FF' 


11 ,. 
0 
'0 


INPUTS 
OUTPUTS 
OPERATING 
MODE 
n!1 
nCP 
J 
K 
Q 
Q 


asynchronous 
reset 
L 
X 
X 
X 
L 
H 


toggle 
H 
-I 
h 
h 
- 
q 
q 


load "a" (reset) 
H 
~ 
I 
h 
L 
H 


load "'" 
(set) 
H 
~ 
h 
I 
H 
L 
hold "no change" 
H 
~ 
I 
I 
q 
q 


H = HIGH voltage level 
h = HIGH voltage level one set-up time prior 


to the HIGH-to-LOW CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior 
to the HIGH-to-LOW 
CP transition 
q = lower case letters indicate the state of the 


referenced 
output 
one set-up 
time 
prior 
to the HIGH-to-LOW 
CP transition 


X = don't care 
~ = HIGH-to-LOW 
CP transition 


March 19881( 


74HC/HCT107 


flip-flops 


For the 
DC characteristics 
see chaptHr "HCMOS family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: flip·flops 


Tamb {OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
--40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
52 
160 
200 
240 
2.0 
19 
32 
40 
48 
ns 
4.5 
Fig. 6 
tPLH 
nCP to nQ 
15 
27 
34 
41 
6.0 


tPHL/ 
propagation delay 
52 
160 
200 
240 
2.0 
19 
32 
40 
48 
ns 
4.5 
Fig. 6 
tpLH 
nCP to nO 
15 


127 
34 
41 
6.0 


tPHL/ 
propagation delay 
52 
155 
195 
235 


I 


2.0 
19 
31 
39 
47 
ns 
4.5 
Fig. 7 
tPLH 
nR to nQ. nO 
15 
26 
33 
40 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
22 
100 
120 
2.0 
tw 
16 
8 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 
14 
6 
17 
20 
6.0 


reset pulse width 
80 
22 
100 
120 
2.0 


tw 
16 
8 
20 
24 
ns 
4.5 
Fig. 7 
LOW 
14 
6 
17 
20 
6.0 


I 


removal 
time 
60 
19 
75 
90 
2.0 


trem 
nR to nCP 
12 
7 
15 
18 
ns 
4.5 
Fig. 7 
10 
6 
13 
15 
6.0 


set-up time 
100 
22 
125 
150 
2.0 


tsu 
nJ. nK to nCP 
20 
8 
25 
30 
ns 
4.5 
Fig. 6 


17 
6 
21 
26 
6.0 


hold time 
3 
-6 
3 
3 
2.0 


th 
nJ. nK to nCP 
3 
-2 
3 
3 
ns 
4.5 
Fig. 6 
3 
-2 
3 
3 
6.0 


maximum 
clock 
pulse 
6.0 
23 
4.8 
4.0 
2.0 


fmax 
frequency 
30 
70 
24 
20 
MHz 
4.5 
Fig. 6 
35 
85 
28 
24 
6.0 


74HC/HCT107 


flip-flops l~__ 


For the DC characteristics 
see chapter 
/tHeMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: flip-flops 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
U!llce) for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT 
LOAD 
COEFFICIENT 


nK 
0.60 


nR 
0.65 
nCP; nJ 
1.00 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V;tr=tf= 
6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 


I 


19 
36 
45 
54 
ns 
4.5 
Fig.6 
tPLH 
nCP to nQ 


tPHLI 
propagation delay 
21 
36 
45 
54 
ns 
4.5 
Fig.6 
tPLH 
nCP to nO 


tPHLI 
propagation delay 
20 
38 
48 
57 
ns 
4.5 
Fig. 7 
tPLH 
nR to nQ, nO 


tTHLI 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


tw 
clock pulse width 
16 
9 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tw 
reset pulse width 
20 
11 
25 
30 
ns 
4.5 
Fig. 7 
LOW 


trem 
removal 
time 
14 
8 
18 
21 
4.5 
Fig. 7 
nR to nCP 
ns 


tsu 


set-up time 
20 
7 
25 
30 
ns 
4.5 
Fig.6 
nJ, nK to nCP 


th 
hold time 
5 
-2 
5 
5 
4.5 
Fig. 6 
nJ, nK to nCP 
ns 


fmax 
maximum 
clock 
pulse 
30 
66 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
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flip-flops 


nJ. nK 
INPUT 


~+~ 
__ th 
_ 
__ 
th_ 


lffmax 


nCP 
INPUT 
VM111 
j 
-_,.-_.1 
- 
tPHL - 
-""[ 


Fig. 6 Waveforms 
showing 
the clock (nCP) to 


nO OUTPUT 
V\1111 
output 
(nQ, nO) propagation 
delays, 
the clock 


pulse width, 
the J and K to nCP set-up and 


I 


hold times, the output 
transition 
times and 
- 
•. 
tTHL 
-- 
- 
tTLH 
the maximum 
clock pulse frequency, 
..'",,"----:Jj"" 
- ,."~~"' 


Note to Fig. 6 


The shaded areas indicate 
when the input 
is 
J --.... 
tTLH 
permitted 
to change 
for predictable 
output 


lZ9J1911 
tpLH 
- 
performance. 


Fig. 7 Waveforms 
showing the reset (nRI input to 


output 
InQ, n<:I)propagation 
delays, the reset 


pulse width 
and the nR to nCl'" removal time. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


____ 
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74HC/HCT109 


flip-flops 


FEATURES 


• 
J, K inputs 
for 
easy 
D-type 
flip-flop 


• 
Toggle 
flip-flop 
or "do 
nothin!I" 
mode 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
flip-flops 


GENERAL 
DESCRIPTION 


The 
74HC/HCT1 
09 are high-speed 
Si-gate 
CMOS 
devices 
and are pin 
compatible 
with low power Schottky 
TTL 
(LSTTL). 
They 
are specified 
in 


compliance 
with 
JEDEC 
standard 
no. 7A. 


The 
74HC/HCT109 
are dual 
positive- 
edge triggered, 
JK flip-flops 
with 
individual 
J, K inputs, 
clock 
(CPI inputs, 
set (SD) and reset (RD) 
inputs; 
also 
complementary 
Q and 0 outputs. 


The set and reset are asynchronous 
active 
LOW inputs and operate 
independently 
of the clock 
input. 


The J and K inputs 
control 
the 
state 
changes of the flip-flops 
as 
described 
in the mode 
select 
function 
table. 


The J and R inputs 
must 
be stable 
one 
set-up 
time 
prior 
to the LOW-to-HIGH 


clock 
transition 
for 
predictable 
operation. 


The JK design allows 
operation 
as a 
D-type 
flip-flop 
by tying 
the J and K 
inputs together. 


Schmitt-trigger 
action 
in the clock 
input 


makes the circuit 
highly 
tolerant 
to 
slower 
clock 
rise and fall 
times. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 


tpHL/ 
nCP to nQ, nO 
15 
17 
ns 


tPLH 
n~ 
to nQ, nil 
CL = 15 pF 
12 
14 
ns 


nRD 
to nQ, nQ 
VCC = 5 V 
12 
15 
ns 


fmax 
maximum 
clock 
frequency 
75 
61 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 
1 and 2 
20 
22 
pF 
capacitance 
per flip-flop 


GN D = 0 V; T amb = 25°C; 
tr = tf = 6 ns 


Notes 


1. 
CPD is used to determine 
the dynamic 
power 
dissipation 
(PD in I'W): 


PD = CPD x VCC' 
x fi + l: (CL 
X VCC' 
x fol 
where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 
1: (CL 
X VCC' 
x fol = sum of outputs 


2. 
For 
HC 
the condition 
is VI = GND 
to VCC 
For 
HCT the condition 
is VI = GND 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead 
DI L: plastic 
I50T38Zl. 


16-lead 
mini-pack; 
plastic 
15016: 
50Tl 
09AI. 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,15 
1RO,2RD 
asynchronous 
reset-direct 
input 
(active 
LOW) 


2,14,3,13 
lJ,2J, 
synchronous 
inputs; 
flip-flops 
1 and 2 
1R,2R 


4,12 
1CP,2CP 
clock 
input 
(LOW-to-HIGH, 
edge-triggered) 


5,11 
lSD,2SD 
asynchronous 
set-direct 
input 
(active LOW) 


6,10 
1Q,2Q 
true 
flip-flop 
outputs 


7,9 
10,20 
complement 
flip-flop 
outputs 
8 
GND 
ground 
(0 V) 


16 
VCC 
positive 
supply 
voltage 


1 RO 
1 l 


2RO 


2J 
10 6 
2Q 10 


2C. 
107 


209 


20 


7Z931)1 
Fig. 1 Pin configuration. 
~ 
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lS0 


lJ 


SD 
'0 
6 


'CP 
CP 
FFl 


1< 
0 
'0 
1 


RD 


IRD 


11 
250 


" 
2J 


SD 
20 
10 


12 
2CP 


CP FF2 


13 
2< 
0 
20 
9 


RO 


IS 
lRD 


Fig.4 
Functional 
diagram. 


INPUTS 
OUTPUTS 
OPERATING MODE 
So 
RO 
CP 
J 
K 
Q 
a 


asynchronous 
set 
L 
H 
X 
X 
X 
H 
L 


asynchronous 
reset 
H 
L 
X 
X 
X 
L 
H 


undetermined 
L 
L 
X 
X 
X 
H 
H 


toggle 
H 
H 
t 
h 
I 
- 
q 
q 


load "0" 
(reset) 
H 
H 
t 
I 
I 
L 
H 


load "1" 
(set) 
H 
H 
t 
h 
h 
H 
L 


hold "no change" 
H 
H 
t 
I 
h 
q 
q 


H = HIGH voltage level 
h 
HIGH voltage level one set-up time prior to the LOW-te-HIGH CP transition 


L 
LOWvoltage level 
I 
LOWvoltage level one set-up time prior to the LOW-to-HIGH CPtransition 
q 
lower case letters indicate the state of the referenced 
output 
one set-up time 
prior 
to the LOW-to-HIGH CPtransition 
X 
= don't 
care 


t 
= LOW-to-HIGH CPtransition 
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flip-flops 


DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: flip·flops 


AC CHARACTERISTICS 
FOR 74HC 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONOITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 


50 
175 
220 
265 
2.0 
propagation d':!.ay 
18 
35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
nCP to nQ, nQ 
14 
30 
37 
45 
6.0 


30 
120 
150 
180 
2.0 
tpLH 
propagation delay 
11 
24 
30 
36 
ns 
4.5 
Fig. 7 
nSO to nQ 
9 
20 
26 
31 
6.0 


41 
155 
195 
235 
2.0 
tpHL 
propa9ation delay 
15 
31 
39 
47 
ns 
4.5 
Fig. 7 
nSO to nO 
12 
26 
33 
40 
6.0 


41 
185 
230 
280 
2.0 
tpHL 
propa9ation delay 
15 
37 
46 
56 
ns 
4.5 
Fig. 7 
nRO to nQ 
12 
31 
39 
48 
6.0 


39 
170 
215 
255 
2.0 
tpLH 
propagation delay 
14 
34 
43 
51 
ns 
4.5 
Fig. 7 
nRO to nO: 
11 
29 
37 
43 
6.0 


tTHLI 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
19 
100 
120 


I 


2.0 
tw 
16 
7 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 
14 
6 
17 
20 
6.0 


set or reset pulse width 
80 
14 
100 
120 
2.0 
tw 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 
14 
4 
17 
20 
6.0 


70 
19 
90 
105 
2.0 
removal 
time 
14 
7 
18 
21 
ns 
4.5 
Fig. 7 
trem 
nSO, nRO to nCP 
12 
6 
15 
18 
6.0 


70 
17 
90 
105 
2.0 
tsu 


set-up 
time 
14 
6 
18 
21 
ns 
4.5 
Fig. 6 
nJ, nK to nCP 
12 
5 
15 
18 
6.0 


5 
0 
5 
5 
2.0 
hold time 
5 
0 
5 
5 
ns 
4.5 
Fig. 6 
th 
nJ, nK to nCP 
5 
0 
5 
5 
6.0 


maximum 
clock 
pulse 
6.0 
22 
5.0 
4.0 
2.0 


fmax 
30 
68 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
81 
28 
24 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: standard 
ICC category: flip-flops 


The 
value of additional 
quiescent 
supply 
current 
(LiICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
boIce 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAO 
COEFFICIENT 


nJ, nK 
0.35 
n!!O 
0.35 
nsO 
0.35 
nCP 
0.35 


AC CHARACTERISTICS 
FOR 74HCT 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb rCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
--40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
20 
35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
nCP to nQ, nO 


tpLH 
propagation delay 
13 
26 
33 
39 
ns 
4.5 
Fig. 7 
nSO to nQ 


tpHL 
propagation delay 
19 
35 
44 
53 
ns 
4.5 
Fig. 7 
nSO to nO 


tPHL 
propagation delay 
19 
35 
44 
53 
ns 
4.5 
Fig. 7 
nRD tonQ 


tpLH 
pr~agatio~ 
delay 
16 
32 
40 
48 
ns 
4.5 
Fig. 7 
nRD to nQ 


tTHL/ 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 


tw 
clock pulse width 
18 
9 
23 
27 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tw 
set or reset pulse width 
16 
8 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 


trem 
I 


removal 
time 
16 
8 
20 
24 
ns 
4.5 
Fig. 7 
nS-O'nRD to nCP 


tsu 
set-up time 
18 
8 
23 
27 
4.5 
Fig. 6 
nJ, nK to nCP 
ns 


th 
hold time 
3 
-3 
3 
3 
nJ, nK to nCP 
ns 
4.5 
Fig. 6 


fmax 


maximum 
clock 
pulse 
27 
55 
22 
18 
MHz 
4.5 
Fig. 6 
frequency 
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J;J; 
~--!rem 
_tw_ 
_IW_ 


Note to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GNO to VCC' 


HCT: 
VM = 1.3 V; VI = GNO to 3 V. 


Fig. 6 Waveforms 
showing 
the clock 
(nCP) to 
output 
(nO, nO I propagation 
delays, the clock 
pulse width, 
the nJ, nK to nCP set·up, 
the nCP 
to nJ, nK hold 
times, 
the output 
transition 
times and the maximum 
clock 
pulse frequency. 


Note to Fi9, 6 


The shaded areas indicate when the input is 
permitted 
to change for predictable 
output 


performance. 


Fi~ 
7 Waveforms 
showing 
the set (nSO) 
and reset 
(nRO) 
mput 
to output 
InO, nO) propagation 
d~lays, the set and reset pulse widths 
and the 
nRO' 
nS D 
to nCP removal 
time. 
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flip-flops 


• 
Asynchronous 
set and reset 
• 
Output 
capability: 
standard 
• 
Icc category: 
flip-flops 


GENERAL 
DESCRIPTION 


The 74HC/HCT112 are high-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. lA. 
The 74HC/HCT112 are dual negative· 
edgetriggered JK-type flip-flops featuring 
individual n-!."nK, clock (nCPl. set (n5D) 
and reset (nRD) inputs. The set and reset 
inputs, 
when 
LOW, set or reset the 


outputs 
as shown 
in the function 
tab e 
regardlessof the levelsat the other inputs. 


A HIGH level at the clock (nCP) input 
enablesthe nJ and nK inputs and data 
will be accepted. The nJ and nK inputs 
control the state changesof the flip-flops 
as shown 
in the function 
table. 
The 
nJ and 
nK 
inputs 
must be stable 
one set-up time 
prior to the HIGH-to-LOW clock 
transition 
for predictable 
operation. 


Output state changes are initiated by the 
HIGH-to-LOW transition of nCP. 


Schmitt-trigger 
action 
in the clock 
input 
makes the circuit 
highly 
tolerant 
to 


slower 
clock 
rise and fall 
times. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 
tPHLI 
nCPto nO, nO 
17 
19 
ns 


tpLH 
n~tonO, 
n~ 
CL=15pF 
15 
15 
ns 


nRDtonO,nO 
VCC = 5 V 
18 
19 
ns 


fmax 
maximum 
clock 
frequency 
66 
70 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


power dissipation 
notes 1 and 2 
27 
30 
pF 
capacitance 
per flip·flop 


GND = 0 V; Tamb = 25°C; tr = tf = 6 ns 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in JlW): 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fa) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fa = output frequency in MHz 
VCC ~ supply voltage in V 
L (CL X VCC' x fol = sum of outputs 


2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 
16-lead01L; plastic (SOT38ZI. 
16-leadmini-pack: plastic(5016: SOTI09Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,13 
lCP,2CP 
clock input (HIGH-to-LOW, edgetriggered) 


2,12 
1K,2K 
data inputs; flip-flops 1 and 2 


3,11 
1J,2J 
data inputs; flip-flops 1 and 2 


4,10 
lSD,2SD 
set inputs (active LOW) 
5,9 
10,20 
true flip-flop outputs 
6,7 
10,20 
complement flip-flop outputs 
8 
GND 
ground (0 VI 
15,14 
lRD,2RD 
reset inputs (active LOW) 
16 
VCC 
positive supply voltage 


74HC/HCT112 


flip-flops 


4 
150 


J 
lJ 
So 
10 
S 


I 
lCP 
C, 
FFl 


2 
1. 
0 
10 
6 


AD 


IS 
1 RD 


10 
250 


11 
2J 
So 
,a 
9 


13 
2CP 
C, 
FF2 


12 'K 
0 
'0 
7 


AD 


14 
2AD 


l 
_ 


INPUTS 
OUTPUTS 
OPERATING MODE 
nSD 
nRD 
nCP 
nJ 
nK 
nQ 
nQ 


asynchronous 
set 
L 
H 
X 
X 
X 
H 
L 


asynchronous 
reset 
H 
L 
X 
X 
X 
L 
H 


undetermined 
L 
L 
X 
X 
X 
H 
L 


toggle 
H 
H 
~ 
h 
h 
- 
q 
q 
load "0" 
(reset) 
H 
H 
~ 
I 
h 
L 
H 
load" 1" (set) 
H 
H 
~ 
h 
I 
H 
L 
hold" no change" 
H 
H 
~ 
I 
I 
q 
q 


Note to function table 


If nSD and nRD simultaneously go from LOWto HIGH, the output states 
will be unpredictable. 


H 
HIGH voltage level 
h 
HIGH voltage level one set-uptime prior to the HIGH-to-LOW CPtransition 
L 
LOW voltage level 
I 
LOW voltage level one set-uptime prior to the HIGH-to-LOW CPtransition 


q 
lower case letters indicate the state of the referenced output one set·up time 
prior to the HIGH-to-LOW CPtransition 


X = don't 
care 


~ = HIGH-to-LOW CPtransition 
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DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
standard 
ICC category: flip-flops 


AC CHARACTERISTICS 
FOR 741rfC 


GNO = 0 V; tr =tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation delay 
55 
175 
220 
265 


1 
2 
. 
0 
20 
35 
44 
53 
ns 
4.5 
Fig. 6 


tPLH 
nCP to nO 
16 
30 
37 
45 
6.0 


tPHLI 
propagation delay 
55 
175 
220 
265 
2.0 


nCP to nO 
20 
35 
44 
53 
ns 
4.5 
Fig.6 
tPLH 
16 
30 
37 
45 
6.0 


tPHLI 
propagation delay 
58 
180 
225 
270 
2.0 
21 
36 
45 
54 
ns 
4.5 
Fig. 7 
tPLH 
nRO to nO. nO 
17 
31 
38 
46 
6.0 


tPHLI 
propagation delay 
50 
155 
295 
235 
2.0 


nSO to nO. nO 
18 
31 
39. 
47 
ns 
4.5 
Fig. 7 
tpLH 
14 
26 
33 
40 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
22 
100 
120 


1 
2 
. 
0 
tw 
HIGH or LOW 
16 
8 
20 
24 
ns 
4.5 
Fig. 6 
14 
6 
17 
20 
6.0 


set or reset pulse width 
80 
22 
100 
120 
2.0 
tw 
LOW 
16 
8 
20 
24 
ns 
4.5 
Fig. 7 
14 
6 
17 
20 
6.0 


removal 
time 
80 
22 


I 


125 
150 
2.0 


trem 
nRO to nCP 
16 
8 
25 
30 
ns 
4.5 
Fig. 7 
14 
6 
21 
26 
6.0 


removal 
time 
80 
-19 
100 
120 
2.0 


trem 
nSO to nCP 
16 
-7 
20 
24 
ns 
4.5 
Fig.7 


14 
-6 
17 
20 
6.0 


set-up time 
80 Ir 


100 
120 
2.0 


tsu 
nJ. nK to nCP 
16 
20 
24 
ns 
4.5 
Fig. 6 
14 
17 
20 
6.0 


hold time 
0 
-11 
0 
0 
2.0 


th 
nJ. nK to nCP 
0 
-4 
0 
0 
ns 
4.5 
Fig. 6 
0 
-3 
0 
0 
6.0 


maximum 
clock 
pulse 
6 
20 
4.8 
4.0 
2.0 


fmax 
30 
60 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
71 
28 
24 
6.0 
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Output capability: standard 
ICC category: flip·flops 


Note to HCT types 


The value of additional quiescent supply current (llICC) for a unit load of 1 is given in the family specifications. 
To determine lllCC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


1S0,2S0 
0.5 
1K,2K 
0.6 
1RO,2RO 
0.65 
1J,2J 
1 
lCP,2CP 
1 


AC CHARACTERISTICS 
FOFl 74HCT 


GNO = 0 V;tr=tf= 
6 ns;CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH LI 
propagation 
delay 
21 
35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
nCPto nO 


tPHLI 
propagation delay 
23 
40 
50 
60 
ns 
4.5 
Fig. 6 
tpLH 
nCPto nO 


tPHLI 
propagation delay 
22 
37 
46 
56 
ns 
4.5 
Fig. 7 
tpLH 
nRO to nO, nO 


tPHLI 
propagation delay 
18 
32 
40 
48 
ns 
4.5 
Fig. 7 
tpLH 
nSO to nO, nO 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


tw 
clock pulse width 
16 
8 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tw 
set or reset pulse width 
18 
10 
23 
27 
ns 
4.5 
Fig.7 
LOW 


trem 
removal 
ti me 
20 
11 
25 
30 
4.5 
Fig. 7 
nRotonCP 
ns 


trem 
removal 
time 
20 
-8 
25 
30 
I ns 
4.5 
Fig. 7 
nSO to nCP 


tsu 
set-up 
time 
16 
7 
20 
24 
ns 
4.5 
Fig. 6 
nJ, nK to nCP 


th 
hold time 
0 
-7 
0 
0 
4.5 
Fig. 6 
nJ, nK to nCP 
ns 


fmax 
maximum 
clock 
pulse 
30 
64 
24 
20 
MHz 
4.5 
Fig.6 
frequency 
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~ ..'::"~-,.~""-_.• 
____ 
l/fmall 


'PHL-I f;- 'w-' 


VM(ll 


ITHL 


~ 


-trem 
_tw_ 


~ 


-'PHL 
'PLH- 
li- 


nO 
OUTPUT 
VM(ll 
t 
----- 


Note to AC waveforms 


(1) 
HC 
VM = 50%; VI ~ GNO to VCC' 


HCT: 
VM= 
1.3V;VI 
=GNOto3V. 


Fig.6 
Waveforms 
showing 
the clock 
(nCP) to output 
(nO, 


nO) propagation 
delays, 
the clock 
pulse width, 
the nJ, nK 


to nCP set-up times, 
the nCP to nJ, nK hold 
times, 
the 


output 
transition 
times and the maximum 
clock 
pulse 


frequency. 


Note to Fig. 6 


The shaded areas indicate when the input is permitted to 
change for predictable 
output 
performance. 


Fig.7 
Waveforms 
sho~ng 
the set (nSO) and reset (nROI 
input 
to output 
(nO, nO) propagation 
delays, the set and 


reset pulse width 
and the nRO and nSO to nCP removal 
time. 
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• 
DC triggered from active HIGH or 
active LOW inputs 
• 
Retriggerable for very long pulses 
up to 100% duty factor 


• 
Direct reset terminates 
output 
pulse 
• 
Schmitt-trigger 
action on all inputs 
except for the reset input 


• 
Output 
capability: 
standard (except 
for nREXT/CEXT) 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT123 are high-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL ILSTTL). They are specified in 
compliance with JEDEC standard no. 7A. 
The 74HC/HCT123 are dual 
retriggerable 
monostable 
multivibrators 


with output 
pulse width 
control 
by 
three 
methods. 
The 
basic 
pulse 
time 
is 


programmed 
by selection 
of an external 
resistor IREXT} and capacitor ICEXT). 
The 
external 
resistor 
and 
capacitor 
arE! 
normally 
connected 
as shown 
in Fig. G. 


Once triggered, the basic output pulse 
width may beextended by retriggering the 
gatedactive LOW-goingedgeinput (nAI 
or the active HIGH-going edgeinput InB). 
By repeating 
this 
process, 
the 
output 
pulse period (nO = HIGH, nO = LOW) can 
be 
made as long as desired. 
Alternatively 
an output 
delay 
can be terminated 
at any 
time by a LOW-goingedgeon input n]~D, 
which 
also inhibits 
the triggering. 


(continued 
on next page) 


74HC/HCT123 


MSI 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 
CL=15pF 


tPHL/ 
nA, nB 
VCC = 5 V 
tpLH 
to nO, nO 
REXT = 5 kn 
26 
26 
ns 
nRD to nO, nO 
CEXT = 0 pF 
20 
23 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
54 
56 
pF 
capacitance 
per monostable 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlW): 


PD = CPD x VCC' x Ii + ~ICL x VCC' x fo) + 0.75 x CEXT 
x VCC' x fo + D x 16 x VCC where: 


fj 
= input 
frequency 
in MHz 
fo = output 
frequency 
in MHz 


o = duty 
factor 
in % 


~(CL x VCC' x fol = sum of outputs 


2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 
1.5 V 


CL 
= output load capacitance in pF 
VCC 
= supply voltage in V 


CEXT = timing capacitance in pF 


PACKAGE 
OUTLINES 


16-leadDIL: plastic ISOT38ZI. 
16~leadmini-pack; plastic (5016; 
SOT109Al. 


lCEXT 
14 


2CEXT 
6 


1 REXT/CeXT 
15 


2REXT/CeXT 
7 


74HC/HCT123 


MSI l__ -----'---- 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,9 
lA,2A 
trigger 
inputs 
(negative-edge 
triggered) 


2,10 
lB,2B 
trigger 
inputs 
(positive-edge 
triggered) 


3,11 
1RO,2RO 
direct 
reset 
LOW 
and trigger 
action 
at 
positive edge 


4,12 
10,20 
outputs 
lactive 
LOW) 


7 
2REXT/CEXT 
external 
resistor/capacitor 
connection 


8 
GNO 
ground 
(0 V) 


13,5 
lQ,2Q 
outputs 
(active 
HI G H) 


14,6 
1CEXT, 
2CEXT 
external 
capacitor 
connection 


15 
lREXT/CEXT 
external 
resistor/capacitor 
connection 


16 
VCC 
positive 
supply 
voltage 


ICeXT 


>5 


'0 
13 


'0 


2C!;XT 


'0 


'0 
'0 
12 


INPUTS 
OUTPUTS 


nRO 
nA 
nB 
nQ 
nO 


L 
X 
X 
L 
H 
X 
H 
X 
L' 
H* 
X 
X 
L 
L* 
H* 


H 
L 
t 
JL 
LJ 


H 
~ 
H 
J1... 
l..J 


t 
L 
H 
JL 
l..J 


GENERAL 
DESCRIPTION 
(Cont'd) 


An 
internal 
connection 
from 
nRO 
to the 


input 
gates makes 
it possible 
to trigger 
the 
circuit by a positive-going 
signal at input 
nRO 
as shown 
in the function 
table. 


Figures 
7 and 8 illustrate 
pulse 
control 
by 
retriggering 
and early reset. The basic 
output 
pulse width 
is essentially 
determined 
by the values 
of the external 


timing 
components 
REXT 
and CEXT. 
For 
pulse 
widths, 
when 
CEXT 
< 10000 
pF, 
see Fig. 9. 


When 
CEXT > 10000 
pF, 
the typical 
output 
pulse 
width 
is defined 
as: 


tw 
= 0.45 
x REXT 
x CEXT 
(typ_), 


where, 
tw 
= pulse 
width 
in ns; 


REXT 
= external 
resistor 
in kn; 


CEXT 
= external 
capacitor 
in pF. 


Schmitt-trigger 
action 
in the 
nA and 
nB 
inputs, 
makes the circuit 
highly 
tolerant 
to 
slower 
input 
rise and fall 
times. 


The 
'123' 
is identical 
to the 
'423' 
but 
can 
be triggered 
via the 
reset 
input. 


H 
= HIGH 
voltage 
level 
L 
= LOW 
voltage 
level 
X 
= don't 
care 


t 
= LOW-to-HIGH 
transition 


~ 
= HIGH-to-LOW 
transition 
JL = one HIGH 
level 
output 
pulse 
I..J = one 
LOW 
level 
output 
pulse 


• If the monostable 
was triggered 
before this condition 
was established, 
the 
pulse 
will 
continue 
as programmed. 
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74HC/HCT123 


MSI 


(1) 
For minimum noise generation, 


it is recommended 
to ground 
pins 6 (2CEXT) 


and 14 (lCEXT) 
externally 
to pin 8 (GND). 
",,,,, 
'~:." 
l 


Fl 
I 


to nCeXT 
to nRexT/CexT J 


1 pin 140,61 
(pin 150r 71 


TimIng 
component 
connectIons. 


74HC/HCT123 


MSI l__ 
~_ 


DC CHARACTERISTICS 
FOn 
74HC 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output capability: 
standard (except for nREXT/CEXT) 
ICC category: MSI 


AC CHARACTERISTICS 
FOn 
74HC 


GND = a V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS/NOTES 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


propagation delay 
83 
255 
320 
385 
2.0 
CEXT = 0 pF; 
tPHL 
nAD. nA. nB to nO 
30 
51 
64 
77 
ns 
4.5 
REXT = 5 kn 
24 
43 
54 
65 
6.0 


83 
255 
320 
385 
2.0 
CEXT = 0 pF; 
tPLH 
propagation delay 
30 
51 
64 
77 
ns 
4.5 
REXT=5kn 
nRD. nA. nB to nQ 
24 
43 
54 
65 
6.0 


66 
215 
270 
325 
2.0 
CEXT = 0 pF; 
tPHL 
propagation delay 
24 
43 
54 
65 
ns 
4.5 
REXT = 5 kn 
nRD to nQ (reset) 
19 
37 
46 
55 
6.0 


propagation delay 
66 
215 
270 
325 
2.0 
CEXT=opF; 
tpLH 
nRD to nO (reset) 
24 
43 
54 
65 
ns 
4.5 
REXT=5kn 
19 
37 
46 
55 
6.0 


tTHL/ 
19 


1 


75 
95 
110 
2.0 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
tTLH 
6 
13 
16 
19 
6.0 


tri9ger pulse width 
100 
8 
125 
150 
2.0 
tw 
20 
3 
25 
30 
ns 
4.5 
Fig. 7 
nA= 
LOW 
17 
2 
21 
26 
6.0 


trigger pulse width 
100 
17 
125 
150 
2.0 
tw 
20 
6 
25 
30 
ns 
4.5 
Fig. 7 
nB = HIGH 
17 
5 
21 
26 
6.0 


100 
14 
125 
150 
2.0 
tw 
reset puIsewi dth 
20 
5 
25 
30 
ns 
4.5 
Fig. 8 
nRO = LOW 
17 
4 
21 
26 
6.0 


output 
puIsewidth 
CEXT = 100 nF; 
tw 
nQ = HIGH 
450 
- 
- 
JJ.S 
5.0 
REXT= 
10 kn; 
nO = LOW 
Figs 7 and 8 


output 
pulse width 


1 


75 
CEXT = 0 pF; 
tw 
nQ = HIGH 
- 
- 
ns 
5.0 
REXT= 
5 kn; 
nO = LOW 
note 1; Figs 7 and 8 


retrigger ti me 
CEXT = 0 pF; 
trt 
nA. nB 
26 
- 
- 
ns 
5.0 
REXT= 
5 kn; 
note 2; Fig. 7 


REXT 
external 
timing 
resistor 
10 
1000 - 
- 
kn 
2.0 
Fig. 9 
2 
1000 
5.0 


CEXT 
external 
timing 
capacitor 
no limits 
pF 
5.0 
Fig. 9; note 3 
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For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output 
capability: 
standard 
(except 
for 
nREXT/CEXTI 
ICC category: 
MSI 


Note 
to 
HCT 
types 


The value of additional 
quiescent 
supply 
current 
(llICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
.6.ICC per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT 
LOAD 
COEFFICIENT 


nA, nS 
0.35 


nRD 
0.50 


74HC/HCT123 


MSI 


74HC/HCT123 


MSI 
l~__ 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS/NOTES 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


pr'<Pagat~n delay _ 
CEXT = 0 pF; 
tPHL 
nRo. nA. nB to nO 
30 
51 
64 
77 
ns 
4.5 
REXT = 5 kU 


propagation delay 
CEXT = 0 pF; 
tPLH 
nRo, nA, nB to nO 
2B 
51 
64 
77 
ns 
4.5 
REXT=5kU 


propagation delay 


1 


46 
CEXT = 0 pF; 
tpHL 
nRO to nO (reset) 
27 
58 
69 
ns 
4.5 
REXT= 
5 kU 


I 


propagation delay 


I 


CEXT = 0 pF; 


tPLH 
nRO to nO (resetl 
23 
46 
58 
69 
ns 
4.5 
REXT=5kU 


tTHL/ 


I 


output 
transition 
time 
7 


1 
15 
19 
22 
ns 
4.5 


tTLH 


tw 
I 


tri~r 
pulse width 
20 
3 
25 
30 
ns 
4.5 
Fig. 7 
nA= 
LOW 


tw 
trigger pulse width 
20 
5 
25 
30 
ns 
4.5 
Fig. 7 
nB = HIGH 


tw 
reset pulse width 
20 
7 


I 


25 
30 
ns 
4.5 
Fig. 8 
nRO= 
LOW 


output 
pulse width 
CEXT = 100 nF; 
tw 
nO = HIGH 
450 
- 
- 
}JS 
5.0 
REXT = 10 kU; 


nO = LOW 
Figs 7 and 8 


output pulse width 
CEXT = 0 pF; 


tw 
nO = HIGH 
75 
- 
- 
ns 
5.0 
REXT = 5 kU; 


nO = LOW 
note 1; Figs 7 and 8 


ret!igger 
ti me 
GEXT = 0 pF; 
trt 
nA, nB 
40 
- 
- 
ns 
5.0 
REXT= 
5 kU; 


note 2; Fig. 7 


REXT 
external timing resistor 
2 
1000 - 
- 
kU 
5.0 
Fig, 9 


GEXT 
external 
timing 
capacitor 
no limits 
pF 
5.0 
Fig. 9; note 3 
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74HC/HCT123 


MSI 


1. For other REXT and CEXT combinations seeFig. 9. 


If CEXT > 10 nF, the next formula is valid: 


tw = K x REXT x CEXT (typ.) 
where, tw 
= output pulse width in ns; 
REXT = external resistor in kl1; CEXT = external capacitor in pF; 
K 
= constant = 0.45 for VCC = 5.0 V and 0.48 for VCC = 2.0 V. 


The inherent test jig and pin capac.tanceat pins 15 and 7 (nREXT/CEXT) 
is approximately 7 pF. 


2. The time to retrigger the monostable multivibrator depends on the valuesof REXT and CEXT· 


The output pulse width will only be extended when the time between the active-goingedgesof the 
trigger 
input 
pulses meets the minimum 
retrigger 
time. 


If CEXT > 10 pF, the next formula (at VCC = 5.0 VI for the set-up time of a retrigger pulse is valid: 


trt = 35 + 10.11x CEXT) + 10.04x REXT x CEXTI 
(typ.) 


where, 
trt 
= retrigger 
time 
in ns; 
CEXT = external capacitor in pF; 
REXT = external 
resistor in kl1. 


The inherent test jig and pin capacitanceat pins 15 and 7 InREXT/CEXT) 
is approximately 7 pF. 


nBINPUT~ 


I 


I 


I 
II 
I 
I I 
"eXT" i--7( 
II 
I 
I I 
tOOk{l 


I 
I 
i 
I 


SOkn 
I 


i 
I 
'/1 


I 
I 
I 
I 
I 
I 
II 
10kni 


, 
I I 
I IA 
2~ntit 


I 
I II 
; 
III 
,. 
I 
ii, 
; 
I 
, 
II 
1.1 
I 
,Ii 


Fig. 9 Typical output pulsewidth asa function of the external 
capacitor valuesat VCC = 5.0 V and Tamb = 25°C. 


Fig. 10 HCT typical "k" 
factor asa function of VCC; 


Cx = 10 nF; RX = 10 kl1 to 100 kl1. 


74HC/HCT123 
MSI l 
_ 


Power-up 
considerations 


When the monostable is powered-up it may produce an output 
pulse, with a pulse width defined bythevaluesof 
RX and CX, this 


output 
pulse can be eliminated 
using the circuit 
shown 
in Fig. 
11. 


Power-down 
considerations 


A large capacitor 1CXl may cause problems when powering-down 
the monostable 
due to the energy 
stored 
in this capacitor. 
When 
a 


system containing this device is powered·down 
or a rapid decrease 


of VCC to zero occurs, the mono stable may substain damage, due 
to the capacitor 
discharging 
through 
the input 
protection 
diodes. 


To avoid this possibility, 
use a damping diode (OX) preferably a 


germanium 
or Schottky 
type 
diode 
able to withstand 
large current 


surges and connect 
as shown 
in Fig. 
12. 
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74HC/HCT125 


MSI 


• 
Output capability: 
bus driver 
• 
ICC category: MSI 


The 74HC/HCT125 are high·speed 
Si·gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTl 
(lSTTl). 
They are specified in 
compliancewithJEOECstandard 
no. 7A. 


The 74HC/HCT125 are four non- 
inverting buffer/line drivers with 3-state 
outputs. The 3·state outputs (nY) are 
controlled by the output enable input 
(nOEl. A HIGH at nOE causesthe 
outputs to assumea HIGH impedance 
OFF-state. 


The "125" is identical to the "126" but 
hasactive lOW enable inputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONOITIONS 
UNIT 


HC 
HCT 


tPHL/ 
propagation delay 
CL=15pF 
9 
12 
ns 
tPLH 
nA to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 
power 
dissipation 
notes 1 and 2 
22 
24 
pF 
capacitance 
per buffer 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PO in IJ.W): 


Po = CPOx VCC' x fi + :E(Cl x VCC' x fo) where: 


fi 
= input frequency in MHz 
Cl 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
r (CL x VCC' x fo) = sum of outputs 


2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


14·lead01L: plastic (SOT27) 
14·leadmini pack:plastic (S014; SOT108A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,4,10,13 
10Et04OE 
output enable inputs (active lOW) 


2,5,9,12 
1A t04A 
data inputs 


3,6,8,11 
1Y t04Y 
data outputs 


7 
GNO 
ground (0 VI 
14 
VCC 
positive 
supply 
voltage 


P. 


~EN 


P. +~ 
vcc 
." 


40E 


~EN 


P. 


~~ 
4A 


9 
JA 
JY 


~EN 


P. 
~~ 
JOE 


'0 JOE 


'2 
4Y " 
" 
~ 


p. +~ 
13 40E 


13 
EN 


lZ9J310 


la) 
Ib) 


Fig. 1 Pin configuration. 
Fig. 2 logic symbol. 
Fig. 3 IEC logic symbol. 


74HC/HCT125 l 
MSI 


--------------------------------------- 


oA -{>o---j)o----{>o----{>co- 
oY 


oDE -{>o---j)o----{>~ 
"''''3 


INPUTS 
OUTPUT 


nOE 
nA 
nY 


L 
L 
L 
L 
H 
H 
H 
X 
Z 


H = HIGH 
voltage 
level 
L = LOW voltage 
level 


X = don't 
care 
Z = high 
impedance 
OFF-state 
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74HC/HCT125 


MSI 


Output capability: 
bus driver 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


tPHLI 
propagation delay 
30 
100 
125 
150 
2.0 
11 
20 
25 
30 
ns 
4.5 
Fig. 6 
tPLH 
nA to nY 
9 
17 
21 
26 
6.0 


tPZHI 
3-state output enable time 
41 
125 
155 
190 
2.0 
15 
25 
31 
38 
ns 
4.5 
Fig. 7 
tPZL 
nOE to nY 
12 
21 
26 
32 
6.0 


tPHzl 
3-state output disable time 
41 
125 
155 
190 
2.0 


tPLZ 
nOE to nY 
15 
25 
31 
38 
ns 
4.5 
Fig. 7 
12 
21 
26 
32 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
4 
10 
13 
15 
6.0 


74HC/HCT125 


MSI 
l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output 
capability: 
bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(dice) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
dice per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND = OV;tr= 
tf=6 
ns;CL = 50pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation delay 
15 
25 
31 
38 
ns 
4.5 
Fig. 6 
tpLH 
nA to nY 


tPZHI 
3·state output enable time 
15 
28 
35 
42 
ns 
4.5 
Fig. 7 
tpZL 
nOE to nY 


tpHzI 
3-state output disable time 
15 
25 
31 
38 
ns 
4.5 
Fig. 7 
tPLZ 
nOE to nY 


tTH LI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 
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74HC/HCT125 


MSI 


nA 
INPUT 't 
M 
'" 


~ 


L'PHL- 


nY OUTPUT 


tTHL 
-I 
tTLH 


Fig.6 
Waveformsshowing the input (nAI 
to output (nY) propagation delays and 
the output 
transition 
times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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74HC/HCT126 


MSI 


• 
Output 
capability: 
bus driver 
• 
ICC category: MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT126 are high-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliancewith JEDEC standard no. 7A. 


The HC/HCT126 are four non- 
inverting buffer/line drivers with 3-state 
outputs. The 3-state outputs (nY) are 
controlled by the output enable input 
(nOE). A LOW at nOE causesthe 
outputs to assumea HIGH impedance 
OFF-state. 


The "126" 
is identical to the "125" but 
hasactive HIGH enable inputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation 
delay 
CL=15pF 
9 
11 
ns 
tPLH 
nA to nY 
VCC = 5 V 


C, 
input 
capacitance 
3.5 
3.5 
pF 


CpO 
power 
dissipation 
notes 1 and 2 
23 
24 
pF 
capacitance 
per buffer 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PO in IlW): 


Po = CPOx VCC' x fi + L (CL x VCC' x fol where: 
fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


1: ICL X VCC' x fo) = sum of outputs 


2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 
14-lead01L; plastic ISOT271 
14-leadmini pack; plastic (S014; SOT108A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,4,10,13 
WE to 40E 
output enable inputs (active HIGH) 


2,5,9,12 
lAt04A 
data inputs 


3,6,8,11 
lYt04Y 
data outputs 


7 
GNO 
ground 10V) 


14 
VCC 
positive supply voltage 


C> 


q'N 


C> 


9~ 
,. 
lV 
J 
117 
vcc 
'Nl 


10' 


'0' 
,. 
,V 
6 


~'N 


C> +~ 
'0' 


J' 
JV 
8 


~'N 


C> +-~ 
JO' 
10 


10 
JO' 


" 


~ 
+~ 
" •• 
'V 
11 
C> 


" 
" 


'0' 
13 
EN 


JZ9J376 
la) 
(bl 


Fig. 1 Pin configuration. 
Fig.2 
Logic symbol. 
Fig.3 
IEC logic symbol. 


74HC/HCT126 


MSI l 
_ 


lA 
'Y 
3 


10E 


'A 
,y 
6 


'OE 


3A 
3Y 
8 


'0 
30E 


12 
4A 
4Y 
11 


13 
40E 


"A~"Y 


"OE~ 
>2938" 


INPUTS 
OUTPUT 


nOE 
nA 
nY 


H 
L 
L 


H 
H 
H 
L 
X 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 
Z = high impedance OFF-state 
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74HC/HCT126 


MSI 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output capability: 
bus driver 
ICC category: 
MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


30 
100 
125 
150 
2.0 
tPHLI 
propagation delay 
11 
20 
25 
30 
ns 
4.5 
Fig.6 
tPLH 
nA to nY 
9 
17 
21 
26 
6.0 


41 
125 


I 


155 
190 
2.0 
tPZHI 
3-state output enable time 
15 
25 
31 
38 
ns 
4.5 
Fig. 7 
tPZL 
nOE to nY 
12 
21 
26 
32 
6.0 


tPHzI 
3-state output disable time 
41 
125 
155 
190 
2.0 
15 
25 
31 
38 
ns 
4.5 
Fig. 7 
tpLZ 
nOE to nY 
12 
21 
26 
32 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
4 
10 
13 
15 
6.0 
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74HC/HCT126 


MSI l 
_ 


For the DC characteristics seechapter "HCMOS family characteristics", section "Family specifications". 
Output capability: 
bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current It"cc) for a unit load of 1 is given in the family specifications. 
To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation delay 
14 
24 
30 
36 
ns 
4.5 
Fig.6 
tPLH 
nA to nY 


tPZH/ 
3·state output enabletime 
13 
25 
31 
38 
ns 
4.5 
Fig. 7 
tPZL 
nOE to nY 


tPHZ/ 
3-state output disab e time 
18 
28 
35 
42 
ns 
4.5 
Fig.7 


tpLZ 
nOE to nY 


tTHL/ 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
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Quad buffer/line 
driver; 3-statll 
J 


---- 


74HC/HCT126 
MSI 


Fig. 6 
Waveforms 
showing 
the input 
(nA) 


to output 
(nY) 
propagation 
delays and 
the output transition 
times. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


____ 
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74HC/HCT132 


SSI 


• 
Output 
capability: 
standard 


• 
ICC category: 
55' 


GENERAL 
DESCRIPTION 


The 74HC/HCT132 
are high-speed 
Si-jJate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL (LSTTL). 
They are specified 
in 


campi iance with JEDEC standard 
no. 7A. 


The 74HC/HCT132 
contain 
four 
2-input 
NAND gates which accept 
standard 
input signals. They are capable 
of transforming 
slowly changing 
input 
signals into sharply 
defined, 
jitter-free 
output 
signals. 


The gate switches at different 
points 
for positive 
and negative-going 
signals. 


The difference 
between 
the positive 
voltage VT+ and the negative voltage 
VT_ is defined 
as the hysteresis 
voltage VH. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpHL/ 
propagation 
delay 
CL = 15 pF 
11 
17 
ns 
tpLH 
nA, nB to nY 
VCC = 5 V 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 
1 and 2 
24 
20 
pF 
capacitance 
per gate 


Notes 


1. CPD .is used to determine 
the dynamic 
power dissipation 
(PD in IlW): 


PD = CPD x VCC' 
x fi + r (CL x VCC' 
x fa) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa 
= output 
frequency 
in MHz 
VCC 
= supply voltage 
in V 
L (CL x VCC' x fol = sum of outputs 


2. 
For HC 
the condition 
is VI = GND to VCC 


For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


14-lead mini-pack: plastic (S014: SOT108A). 
16~ead DI L; plastic (SOT38ZI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,4,9,12 
1At04A 
data inputs 


2,5,10,13 
1B to 4B 
data 
inputs 


3,6,8,11 
lYt04Y 
data outputs 


7 
GND 
ground 
(0 V) 


14 
VCC 
positive supply 
voltage 


'~ 
~; 
~ 


IY 
3 


Vcc 
2 
18 
ff 


4. 


4~ 
~; 
~ 


4' 
2Y 


5 28 
ff 
6 


3. 


9~ 
~ff 
~ 


3Y 


10 
JB ff 
8 
10 
.ff 


12~ 
~ff 


~ 


4Y 


11 


13 
48 
D 
13 
ff 


1Z933J4 
lZ93335.1 


Fig. 1 Pin configuration. 
Fig. 2 
Logic symbol. 
Fig. 3 IEC logic symbol. 


74HC/HCT132 


551 l 
_ 


A~ 
V 


• 
ff 


7293331 


• 
Wave and pu Ise shapers 


• 
Astable multivibrators 


• 
Monostable multivibrators 


INPUTS 
OUTPUT 


nA 
nS 
nY 


L 
L 
H 
L 
H 
H 
H 
L 
H 
H 
H 
L 


256 
S'",mbe"9931 ( 


Quad 2-input NAND Schmitt trigger 
J 
---- 


74HC/HCT132 


SSI 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family 
specifications". 
Transfer 
character- 


istics are given below. 


Output 
capability: 
standard 
ICC category: 
sSI 


Transfer 
characteristics 
for 74HC 


Voltages are referenced 
to GND (ground 
= 0 VI 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


0.7 
1.18 
1.5 
0.7 
1.5 
0.7 
1.5 
2.0 


VT+ 
positive-going 
threshold 
1.7 
2.38 
3.15 
1.7 
3.15 
1.7 
3.15 
V 
4.5 
Figs 6 and 7 


2.1 
3.14 
4.2 
2.1 
4.2 
2.1 
4.2 
6.0 


0.3 
0.63 
1.0 
0.3 
1.0 
0.3 
1.0 
2.0 


VT_ 
negative·going threshold 
0.9 
1.67 
2.2 
0.9 
2.2 
0.9 
2.2 
V 
4.5 
Figs 6 and 7 


1.2 
2.26 
3.0 
1.2 
3.0 
1.2 
3.0 
6.0 


0.2 
0.55 
1.0 
0.2 
1.0 
0.2 
1.0 
2.0 


VH 
hysteresis 
(VT + - 
VT_l 
0.4 
0.71 
1.4 
0.4 
1.4 
0.4 
1.4 
V 
4.5 
Figs 6 and 7 


0.6 
0.88 
1.6 
0.6 
1.6 
0.6 
1.6 
6.0 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation 
delay 
36 
125 
155 
190 
2.0 


13 
25 
31 
38 
ns 
4.5 
Fig. 13 
tpLH 
nA, nB to nY 
10 
21 
26 
32 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 13 
tTLH 
6 
13 
16 
19 
6.0 


74HC/HCT132 l 
SSI 


-------------------------------------- 


For the DC characteristics 
see chapter 
"HCM05 
family characteristics", 
section 
"Family 
specifications". 
Transfer 
character- 
istics are given below. 


Output 
capability: 
standard 
ICC category: 
551 


Note 
to HeT 
types 


The value of additional 
quiescent 
supply current 
1t.ICCI for a unit load of 1 is given in the family specifications. 


To determine 
t.ICC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


Tamb lOCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


VT+ 
positive-going 
threshold 
1.2 
1.41 
1.9 
1.2 
1.9 
1.2 
1.9 
V 
4.5 
Figs 6 and 7 
1.4 
1.59 
2.1 
1.4 
2.1 
1.4 
2.1 
5.5 


negative-going 
threshold 
0.5 
0.85 
1.2 
0.5 
1.2 
0.5 
1.2 
V 
4.5 
Figs 6 and 7 
VT_ 
0.6 
0.99 
1.4 
0.6 
1.4 
0.6 
1.4 
5.5 


hysteresis 
(VT + - 
VT_1 


0.4 
0.56 - 
0.4 
- 
0.4 
- 
V 
4.5 
Figs 6 and 7 
VH 
0.4 
0.60 - 
0.4 
- 
0.4 
- 
5.5 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
20 
33 
41 
50 
ns 
4.5 
Fig. 13 
tpLH 
nA, nB to nY 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 13 
tTLH 


( 


74HC/HCT132 


551 


--_I: 


Fig. 7 Waveforms 
showing 
the definition 
of 


VT+, VT_ and VH; where VT+ and VT_ 
are between 
limits of 20% and 70%. 


I 
I 
I 
I 
I 
I 


11 
I 
I 
I 
I 
I 


\ 
I 


/ 
I 
I 


Fig. 8 Typical 
HC transfer 
characteristics; 


VCC=2V. 
Fig. 9 Typical 
HC transfer 
characteristics; 


VCC = 4.5 V. 
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I 
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I 


X 
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1/ 
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I 


I 
I 
I 
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I 
I 
I 


I 
I 


I 
I 
I 
I 
I 
I 
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I 
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} 
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I 
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Fig. 10 Typical 
HC transfer 
characteristics; 
VCC = 6 V. 


Fig. 11 Typical 
HCT transfer 
characteristics; 


VCC = 4.5 V. 


74HC/HCT132 
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1.8 
'ce 
{mAl 
I.S 


1.2 


0.' 


0.' 


0.3 


I 
I 


I 
I 


I 


I 


ff' 
I I 
I 
I 


"71 
, 
I I 


Fig. 12 Typical HCT transfer characteristics; 
VCC = 5.5 V. 
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Fig. 13 Waveformsshowing the input (nA, nBI to 
output (nY) propagation delaysand the output 
transition times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3V;VI 
=GNDt03V. 
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74HC/HCT132 


SSI 


The 
slow 
input 
rise and fall times cause additional 
power 
dissipation, this can be calculated usingthe following formula: 


Pad= fi x (tr x ICCa+ tf x ICCal x VCC' 


Where: 


Pad 
= additional power dissipation ("W) 
fi 
= input frequency (MHz) 
tr 
= input rise time Ins); 10%- 90% 
tf 
= input fall time (nsl; 10%-90% 


ICCa = averageadditional supply current I"A) 


Average 
ICCa differs 
with 
positive 
or negative 
input 
transitions, 
as 
shown in Figs '4 and 15. 


ayltrl!l' 


'cc 
(jlAI 


300 


average 
'ee 
(jlA) 
400 


Fig. 14 Average ICC for HCSchmitt trigger devices; 
linear changeof Vi between 0.1 VCC to 0.9 VCC' 


Fig. 15 AverageICC for HCT Schmitt trigger devices; 
linear changeof Vi between 0.1 VCC to 0.9 VCC' 


Note to Fig, 16 


HC 
f=l",_'_ 
T 
0.8 RC 
1 
1 
HCT: f=T"'0.67 
RC 


Note 
to Application 
information 


All values given are typical 
unless otherwise 
specified. 


• 
Output capability: standard 


• 
Ice category: SSI 


The HC133 is an high-speed 
Si-gate CMOS device and is pin 
compatible 
with low power 
Schottky TIL 
(LSTIL). 
It is 
specified in compliance 
with 


JEDEC standard no. 7A. 


The 74HC133 provides ihe 
13-input NAND function. 


1§] Vcc 


15 
M 


C 
3 
14 
L 


0 
4 
13 
K 
133 
E 
5 
12 
J 


F 
6 
11 


G 
7 
1Q]H 


GND 
8 
!Oy 


QUICK REFERENCE DATA 
GND = 0 V; Tamb = 25°C; t, = ~ = 6 ns 


SYMBOL 
PARAMETER 
CONDITIONS 
TYPICAL 
UNIT 


tpHL/tpLH 
propagation delay 
CL = 15 pF 
9 
ns 
A..Mto Y 
Vee = 5 V 


C, 
input capacitance 
3.5 
pF 


Cpo 
power dissipation per 
notes 1 and 2 
19 
pF 
gate 


Notes to the quick reference data 
1. Cpo is used to determine the dynamic power dissipation (Po in IlW) 


Po = Cpo x Vee2 X f, + 2:(CL X Vee2X fo) where: 
f, = input frequency in MHz; CL = output load capacitance 
in pF; 


fo = output frequency in MHz; Vee = supply voltage in V; 
2:(CL x Vee2 X fo) = sum of the outputs. 
2. 
For HC the condition is V, = GND to Vee 


PACKAGES 


TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HC133N 
16 
DIL 
plastic 
SOT38 


74HC133D 
16 
SO 
plastic 
SOT109A 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1..7,10 ..15 
A..G, H..M 
data input 
8 
GND 
ground (0 V) 
9 
Y 
data output 
16 
Vee 
positive supply voltage 


1 A 
1 
& 


2 B 
2 
3 
C 
3 
4 0 
4 
5 
E 
5 
6 F 
6 
7 G 
yg 
7 
9 


10 H 
10 
11 I 
11 
12 J 
12 
13 K 
13 
14 L 
14 
15 M 
15 


1 
A 
2 B 
3 C 
4 D 
5 E 
6 F 
7 G 


10 H 
111 
12 J 
13 K 
14 
L 
15 M 


FigA Functional diagram; 
Y = ABCDEFGHIJKLM. 


INPUTS 
OUTPUT 


A 
B 
C 
0 
E 
F 
G 
H 
I 
J 
K 
L 
M 
y 


L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
H 
X 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
H 
X 
X 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
X 
L 
X 
X 
X 
X 
X 
X 
X 
X 
H 


X 
X 
X 
X 
X 
L 
X 
X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
X 
X 
X 
L 
X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
X 
X 
X 
H 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
X 
X 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
X 
H 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H = HIGH voltage level 
L 
= LOW voltage level 
X 
= don't care 


Output capability: standard 
Ice category: SSI 


AC CHARACTERISTICS 
FOR 74HC 
GND = 0 V; t, = ~ = 6 ns; CL = 50 pF 
Tamb (OC) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 
to +85 -40 
to +125 
UNIT Vee 
WAVEFORMS 
MIN. 
TYP. MAX. MIN. MAX. 
MIN. 
MAX. 
(V) 


propagation 
delay 
- 
36 
110 
- 
140 
- 
165 
2.0 
tpHL/tpLH A..M to Y 
- 
13 
22 
- 
28 
- 
33 
ns 
4.5 Fig.6 
- 
10 
19 
- 
23 
- 
28 
6.0 


output transition 
- 
19 
75 
- 
95 
- 
110 
2.0 
tTHL/tTLHtime 
- 
7 
15 
- 
19 
- 
22 
ns 
4.5 Fig.6 
- 
6 
13 
- 
16 
- 
19 
6.0 


A to MINPUT-{M(l) 


tpHL 


Fig.6 Waveforms 
showing the input (A, B, 
C, 0, E, F, G, H, I, J, K, L, M) to output 
(Y) propagation delays and the output 
transition times. 


Note to the AC waveforms 
(1) He: v •.•= 50%; V, = GND to Vcc' 


____ 
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74HC/HCT137 


MSI 


FEATURES 


• 
Combines 
3-to-8 
decoder 
with 
3-bit 
latch 
• 
Multiple 
input 
enable 
for easy 
expansion 
or independent 
contra 
Is 
• 
Active 
LOW mutually 
exclusive 
outputs 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT137 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL (LSTTL). 
They are specified 
in 
compliance 
with JEOEC standard 
no. 7A. 


The 74HC/HCT137 
are 3-to-8 line 
decoder/demultiplexers 
with latches at 
the three 
address 
inputs (An)' The "137" 
essentially 
combines 
the 3-to-8 decoder 


function 
with 
a 3-bit 
storage 
latch. 
When 


the latch is enabled 
(LE = LOW!. the 


"137" 
acts as a 3-to-8 active LOW decoder. 


When the latch enable (LE) goes from 
LOW-to-HIGH, 
the last data present 
at the 


inputs 
before 
this transition, 
is stored 
in 
the latches. 
Further 
address changes are 
ignored as long as LE remains HIGH_ 


The output 
enable input IE1 and E2) 
controls the state of the outputs 
independent 
of the address 
inputs or latch 


operation. 
All outputs 
are HIGH unless 


E1 is LOW and E2 is HIGH. 


The "137" 
is ideally suited for 


implementing 
non-overlapping 
decoders 


in 3-state 
systems and strobed 
(stored 


address) 
applications 
in bus oriented 
systems. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


propagation 
delay 


tPHL/ 
An to Yn 
CL = 15 pF 
18 
19 
ns 
LE to Yn 
17 
21 
ns 
tPLH 
E1 to Yn 


VCC = 5 V 
15 
17 
ns 


E2 to Y n 
15 
15 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CPO 


power dissipation 
notes 
1 and 2 
57 
59 
pF 
capacitance per package 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in IlW): 


Po = CPO x VCC' 
x fi + l; (CL x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
VCC 
= supply voltage in V 
1: (CL x VCC' x fol = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16~.ad 
01 L; plastic ISOT38Zl. 


16-I.ad mini-pack; plastic (5016; SOT109Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,2,3 
AOto 
A2 
data inputs 


4 
LE 
latch enable 
input (active LOW) 


5 
E1 
data enable 
input (active LOW) 


6 
E2 
data enable 
input 
lactive HIGH) 


8 
GNO 
ground 
(0 V) 


15,14,13,12, 
YO to Y7 
multiplexer 
outputs 
11,10,9,7 


16 
VCC 
positive supply 
voltage 


4 
6 
LE 


'0., 
INPUT 


LATCHES 
11 


" 
'0 


'I( Doc'm"'" 1990 
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74HC/HCT137 


MSI 
l 
- 


1 '0 
, " 
J 
., 


INPUTS 
OUTPUTS 


IT 
E, 
E2 
AO 
A, 
A2 
YO 
Y, 
Y2 
Y3 
Y4 
Ys 
Yij Y7 


H 
L 
H 
X 
X 
X 
stable 


X 
H 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
X 
L 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
H 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 


L 
L 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
H 
H 


L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 


L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H = HIGH 
voltage 
level 
L = LOW 
voltage 
level 
X = don't 
care 


74HC/HCT137 


MSI 


Yo 


Y, 


" 
;;2 


YJ 


'2 


Y, 


U 


Y, 


Ya 


;;, 


" 


74HC/HCT137 


MSI l_~_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V;tr=tf= 
6 ns;CL 
= 50pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation 
delay 
58 
180 
225 
270 
2.0 


tPLH 
An to Yn 
21 
36 
45 
54 
ns 
4.5 
Fig. 6 
17 
31 
38 
46 
6.0 


tPHLI 
propagation 
delay 
55 
190 
240 
285 
2.0 
20 
38 
48 
57 
ns 
4.5 
Fig. 7 
tpLH 
LE to Y n 
16 
32 
41 
48 
6.0 


tPHLI 
propagation 
delay 


1 


50 
145 
180 
220 
2.0 
18 
29 
36 
44 
ns 
4.5 
Fig. 7 
tPLH 
E1 to Yn 
14 
25 
31 
38 
6.0 


tPHLI 
propagation 
delay 
50 
145 
180 
220 
2.0 
18 
29 
36 
44 
ns 
4.5 
Fig. 6 
tpLH 
E2 to Y n 
14 
25 
31 
38 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


LE pulse width 
50 
11 
65 
75 
2.0 
tw 
HIGH 
10 
4 
13 
15 
ns 
4.5 
Fig. 8 
9 
3 
11 
13 
6.0 


set-up time 
50 
3 
65 
75 
2.0 


tsu 
An to LE 
10 
1 
13 
15 
ns 
4.5 
Fig.8 
9 
1 
11 
13 
6.0 


hold time 
30 
3 
40 
45 
2.0 
th 
An to IT 
6 
i 
8 
9 
ns 
4.5 
Fig.8 
5 
1 
7 
8 
6.0 


M"oh 
1988'I( 


74HC!HCT137 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (AICC) for a unit load of 1 is given in the family specifications. 
To determine AICC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


An 
1.50 


El 
1.50 


E2 
1.50 


LE 
1.50 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
22 
38 
48 
57 
ns 


1 
45 
I 


Fig.6 
tPLH 
An to Yn 


tpH LI 
propagation delay 
25 
44 
55 
I 


66 
ns 
4.5 
Fig. 7 
tpLH 
LE to Y n 


tpHLI 
propagation delay 
20 
37 
46 
56 
ns 
4.5 
Fig. 7 
tPLH 
E1 to Yn 


tPHLI 
propagation delay 
18 
35 
44 
. 53 
ns 
4.5 
Fig. 6 
tpLH 
E2 to Yn 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 


tw 
LE pulse width 
10 
5 
13 
15 
ns 
4.5 
Fig.8 
HIGH 


tsu 


set-up time 
10 
2 
13 
15 
ns 
4.5 
Fig.8 
An to LE 


th 
hold time 
7 
2 
9 
11 
ns 
4.5 
Fig. 8 
An to IT 


'I( A,,"rt 
1987 


74HC/HCT137 


MSI 


Fig.6 
Waveforms showing the address input (An) and 
enable inputs IE21 to output 
1'1' n) propagation delays 
and 
the output 
transition 
times. 


Fig.8 
Waveforms showing the data set·up, hold times 
for An input to LE input and the latch enable pulse 
width. 


Note to Fig. 8 


The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


Fig. 7 Wav':!'orms showing the enable input IE 1, LE) 
to output 
(Y n) propagation delays and the output 
transition times. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC. 
HCT: VM = 1.3 V; VI = GND to 3 V. 


A"9"" 19871 ( 


74HC/HCT137 


MSI 


urobe 


decoclerer'llole 
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74HC/HCT138 


MSI 


• 
Demultiplexing 
capability 
• 
Multiple 
input enable for easy 
expansion 
• 
Ideal for memory chip select 
decoding 
• 
Active 
LOW mutually 
exclusive 


outputs 


• 
Output 
capability: 
standard 
• 
Ice category: 
MSI 


The 74HC/HCT138 are high·speed 
Si-gate CMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They arespecified in 
compliance with JEOECstandard no. 7A. 
The 74HC/HCT138 decodersaccept 
three binary weighted addressinputs 
(AO. A1. A21 and when enabled, provide 
8 mutually exclusive active LOW outputs 
('Yo to Y7). 
The "138" 
features three enable inputs: 
two active LOW 0:1 and r2) and one 
active HIGH (E3). Every output will be 
HIGH unlessrl and E2 are LOW and 
E3 is HIGH. 
This multiple enable function allows 
easy parallel expansion of the "138" to 
a 1·of·32 (5 lines to 32 lines) decoder 
with just four "'38" 
ICsand one inverter. 


The "138" can be usedasan eight output 
demultiplexer 
by using one of the active 
LOW enable inputs asthe data input and 
the remaining enable inputs as strobes. 
Unused enable inputs must be 
permanently 
tied 
to their 
appropriate 
active HIGH or LOW state. 
The "138" 
is identical to the "238" 


but hasinvertingoutputs. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
tpLH 
An to Yn 
CL = '5 pF 
12 
17 
ns 


tPHLI 
§.3to ~n 
VCC = 5 V 
14 
19 
ns 
tpLH 
En to Yn 


CI 
input 
capacitance 
I 


3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
67 
67 
pF 


capacitance 
per package 


Notes 
1. CPOis usedto determine the dynamic power dissipation (PO in JjW): 


Po = CPOx VCC' x fi +!: (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 
E ICL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,2,3 
AO to A2 
address inputs 


4, 5 
E1' E2 
enable inputs (active LOW) 


6 
E3 
enable input (active HIGH) 


8 
GNO 
ground (0 V) 


15,14,13.12. 
YOto Y7 
outputs lactive LOW) 
11. la, g. 7 
16 
VCC 
positive supply voltage 


o} ox 


G-"- 
7 


2 


74HC/HCT138 


MSI l 
_ 


INPUTS 
OUTPUTS 


E1 
[2 
E3 
AO 
A1 
A2 
YO 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 


H 
X 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
H 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
X 
L 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 
H 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
H 
H 


L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H =HIGH voltage level 
L = LOW voltage level 
X =don't 
care 


_____ 
3_-_to_-S_li_"_e_d_ec_o_d_e_r/_d_e_m_U_I_t_i 


P 


_I_e,x_e_r_;_i_"_Ve_r_t_i"_9 
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74HC/HCT13S 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: 
MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHl/ 
propagation 
delay 
41 
150 
190 
225 
2.0 
15 
30 
38 
45 
ns 
4.5 
Fig.6 
tplH 
An to Yn 
12 
26 
33 
38 
6.0 


tPHl/ 
propagation 
delay 
47 
150 
190 
225 
2.0 
17 
30 
38 
45 
ns 
4.5 
Fig. 6 
tplH 
E3 to Yn 
14 
26 
33 
38 
6.0 


tPHl/ 
p~paga.!'on 
delay 
47 
150 
190 
225 
2.0 


17 
30 
38 
45 
ns 
4.5 
Fig. 7 
tPlH 
En to Yn 
14 
26 
33 
38 
6.0 


tTHl/ 
19 
75 
95 
110 
2.0 


output 
transi tion ti me 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTlH 
6 
13 
16 
19 
6.0 


74HC/HCT138 


MSI 
l~__ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(.6.Ice) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 61CC per input. multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


~n 
1.50 
En 
125 
E3 
1.00 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 


-40to 
+851 


UNIT 
VCC 
WAVEFORMS 


I 


+25 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
20 


I 


35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
An to Yn 


tPHLI 
propagation delay 
18 
40 
50 
60 
ns 
4.5 
Fig.6 
tpLH 
E3 to Yn 


tPHLI 
propagation delay 
19 
40 
50 
60 
ns 
4.5 
Fig. 7 
tpLH 
En to Yn 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs6 and 7 
tTLH 


74HC/HCT138 


MSI 


Fig. 6 Waveforms 
showing 
the address input 
(An) 
and enable input 
(E3) to output 
(?n) propagation 


delays and the output transition times. 


Fig. 7 Waveforms 
showing 
the enable 
input 
(En) 
to output 
(Y n) propagation 
delays and the output 
transition 
ti meso 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3V. 


____ 
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74HC/HCT139 


MSI 


• 
Demultiplexing 
capability 
• 
Two independent 
2-to-4 decoders 
• 
Multifunction 
capability 
• 
Active LOW mutually 
exclusive 
outputs 
• 
Output capability: 
standard 
• 
ICC category: MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT139 are high-speed 
si-gate CMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LsTTL). They are specified in 
compliance with JEDEC standardno. 7A. 
The 74HC/HCT139 are high·speed, 
dual 2-t~ 
line decoder/demultiplexers_ 


This device has two independent 
decoders, 
each accepting two binary 
weighted inputs (nAO and nA1) and 
providing 
four 
mutually 
exclusive 
active 
LOW outputs (nYO to nY3), Each 
decoder 
has an active 
LOW 
enable 
input 
(nE). 
When nE is HIGH, every output is 
forced HIGH. The enablecan be usedas 
the data input for a l-t0-4 demultiplexer 
application. 
The "139" is identical to the HEF4556 
of the HE4000B family. 


• 
Memory decoding or data-routing 
• 
Code conversion 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpHL/ 
propagatio.!:!delay 
CL=15pF 
11 
13 
n~n to.!:!Yn 
ns 
tpLH 
nE to nYn 
VCC = 5 V 
10 
13 
ns 


CI 
input 
capacitance 
3,5 
3.5 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
42 
44 
pF 
capacitance 
per multiplexer 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in /lW): 


PD = CPD x VCC' x fi + L (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
~ (CL X VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC -1.5 
V 


PACKAGE OUTLINES 


16-lead 
DI L; plastic 
ISDT38Zl. 


16-lead 
mini-pack; 
plastic 
(S016; 
SOT109Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,15 
n,,2E 
enable inputs (active LOW) 


2,3 
1AO,lAl 
address inputs 


4,5,6,7 
1'10 to 1'1'3 
outputs (active LOW) 


8 
GND 
ground (0 V) 


12,11,10,9 
2'1'0to 2'13 
outputs (active LOW) 


14,13 
2AO,2Al 
addressinputs 


16 
VCC 
positive supply voltage 


6' 


ox ok 


XIV 
ok 
o} 0 
vcc 
G- 
, 
3 


'E 
"0", 


2Vo 


" 
2AO 


13 
2A, 


IS 
lZ96936 


lal 
Ibl 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 


74HC/HCT139 


MSI 
l 
_ 


1AO 


lA, 
DECODER 


" 


12 


" 


"0 
11 


13 
", 
10 


15 
2' 


INPUTS 
OUTPUTS 


nE 
nAO 
nA1 
nYO 
nY1 
nYz 
nY3 


H 
X 
X 
H 
H 
H 
H 


L 
L 
L 
L 
H 
H 
H 


L 
H 
L 
H 
L 
H 
H 
L 
L 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
L 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 


'10 


AO 


V, 


A, 


'12 


'13 


282 
September 19931 ( 


______ 
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74HC/HCT139 


MSI 


Output capability: standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND =0 V;tr=tj= 
6 ns;CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
39 
145 
180 
220 
2.0 


I 


tPLH 
nAn to Yn 
14 
29 
36 
44 
ns 
4.5 
Fig. 6 
11 
25 
31 
38 
6.0 


tPH L/ 
propagation delay 
33 
135 
170 
205 
2.0 


tPLH 
nE to nYn 
12 
27 
34 
41 
ns 
4.5 
Fig. 7 
10 
23 
29 
35 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
6 
13 
16 
19 
6.0 


74HC/HCT139 


MSI l__ 
----=- 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 


ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (tdCC) for a unit load of 1 is given in the family specifications. 
To determine t::.ICC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


UNIT LOAD 
COEFFICIENT 


0.70 
0.70 
1.35 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
16 
34 
43 
51 
ns 
4.5 
Fig. 6 
tpLH 
nAn to Y n 


tPHLI 
I 


propagation delay 
16 
34 
43 
51 
ns 
4.5 
Fig. 7 
tPLH 
nE to nYn 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 


264 
S"tem"'" 9931 ( 


_____ 
D_u_a_1 _2_"t_O_"4_li_n_e_d_e_C_O_d_e_r/_d_e_rn_1I._lt_i 
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74HC/HCT139 


MSI 


M"'NPUT Jv 
M 


", 
l~-- 


I_'PHL-i 
I_IPLH-I 


"v" OUTPUT ~ 
[ 


7Z90958 
tTHL_1 1- 
_I 
._ITLH 


"' 
'NPUT lVM'" 
{ 


I~~].~~,,, 
_I __,,,~t, 


Fig. 6 Waveforms 
showing 
the address input 


(nAn) 
to output 
(nY n) propagation 
delays and 


the output transition times. 


Fig. 7 Waveforms 
showing 
the enable 
input 
(nE) 


to output 
(nYn) 
propagation 
delays and the 


output 
transition 
times. 


Note to AC waveforms 


(1) 
HC 
VM=50%;Vt=GNDtoVCC. 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V. 


74HC/HCT147 


MSI 


• 
Encodes 10-line decimal to 4-line 
BCD 
• 
Useful for 1(}position 
switch 
encoding 


• 
Used in code converters and 
generators 


• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT147 are high·speed 
Si·gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL ILSTTL). They are specified in 
compliance with JEOECstandardno. 7A. 


The 74HC/HCT147 g-input priority 
encoders 
accept 
data from nine active 
LOW inputs 1AOto AS) and provide a 
binary 
representation 
on the four active 
LOW outputs (Yo to Y3). A priority is 
assigned to each input so that when two 
or more inputs are simultaneously 
active, 
the input with the highest priority is 
represented 
on the output, 
with input 
line AS having the highest priority. 


The devicesprovide the 1Q-Iineto 4-line 
priority encoding function by useof the 
implied decimal "zero", The "zero" is 
encoded when all nine data inputs are 
HIGH, forcing all four outputs HIGH. 


SYMBOL I PARAMETER 
I CONDITIONS 
TYPICAL 
UNIT 


. 
I 
! 
HC 
HCT 


I tPHLI 
propagation delay 


I 


CL=15pF 
15 
17 
ns 
i tPLH 
An to Yn 
VCC = 5 V 


t CI 
input capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
30 
33 
pF 
capacitance 
per package 


Notes 


1. CPOis usedto determine the dynamic power dissipation (PO in p.w): 


Po = CPOx VCC' x fi + 1: ICL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 
E (CL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16·lead 
DI L; plastic 
(SOT38ZI. 


16-lead 
mini-pack; 
plastic 
15016; 
SOT109AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


S 
GND 
ground (0 V) 


g, 7, 6,14 
YO to Y3 
BCD addressoutputs (active LOW) 


11,12,13,1, 
AO to AS 
decimal data inputs (active LOW) 
2,3,4,5,10 


15 
n.c. 
not connected 
16 
VCC 
positive supply voltage 


11 


HPRl/8CO 
I 


12 
Yo 


13 


Y, 


Y, 
14 


J 


YJ 
14 


10 


7Z9l172 


7Z9J173 


Fig. 2 Logic symbol. 
Fig. 3 IEClogic symbol. 


74HC/HCT147 


MSI l 
_ 


INPUTS 
OUTPUTS 


AO 
A1 
A2 
A3 
A4 
AS 
A6 
A] 
A8 
V3 
V2 
V1 
Vo 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


X 
X 
X 
X 
X 
X 
X 
X 
L 
L 
H 
H 
L 


X 
X 
X 
X 
X 
X 
X 
L 
H 
L 
H 
H 
H 


X 
X 
X 
X 
X 
X 
L 
H 
H 
H 
L 
L 
L 


X 
X 
X 
X 
X 
L 
H 
H 
H 
H 
L 
L 
H 


X 
X 
X 
X 
L 
H 
H 
H 
H 
H 
L 
H 
L 


X 
X 
X 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 


X 
X 
L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 


X 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 


L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
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74HC/HCT'47 


MSI 


Output 
capability: 
standard 


ICC category: 
MS I 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-4IHo+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPH L/ 
propagation 
delay 
50 
160 
200 
240 
2.0 
18 
32 
40 
48 
ns 
4.5 
Fig. 6 
tPLH 
An to 'i'n 
14 
27 
34 
41 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
6 
16 
19 
6.0 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(boice) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
6lCC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND= 0 V;tr= 
tf= 
6ns;CL 
= 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
20 
35 
44 
53 
ns 
4.5 
Fig. 6 
tPLH 
An to Yn 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 


Fig. 6 Waveforms showing the decimal data 
inputs (An) to output (Y n) propagation delays 
and the output transition times. 
Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3V;VI 
~GND t03V. 


M"oh 19881 ( 


____ 
J 


• 
True and complement 
outputs 
• 
Multifunction 
capability 
• 
Permits multiplexing 
from 
n lines to 1 line 
• 
Non-inverting 
data path 
• 
See the "251" 
for the 3-state version 


• 
Output capabil ity: standard 
• 
ICC category: MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT151 are high·speed 
Si·gateCMOSdevicesand are pin 
compatible with low power Schollky 
TTL ILSTTLI. They are specified in 
compliancewithJEOEC standardno. 7A. 


74HC/HCT151 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 


tPHLI 
In toY, ~ 
CL = 15 pF 
17 
19 
ns 


§, to Y, Y 
19 
20 
ns 
tPLH 
E to Y 
VCC = 5 V 
12 
13 
ns 


E toY 
14 
18 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
40 
40 
pF 


capacitance 
per package 


GNO =0 V; Tamb = 25°C;tr 
=tf =6 ns 


Notes 


1. CPOis usedto determine the dynamic power dissipation (PO in IlW): 


Po = CpO x VCC' x fi + 1: (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitancein pF 


fo = output frequency in MHz 
VCC = supply voltage in V 
1: (CL x VCC' x fo) = sum of outputs 


2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 
16-lead 
01 L: plastic 
(SOT38Z). 
16-lead mini·pack: 
plastic 
(5016: 
SOT109A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


4,3,2,1,15, 
10to 17 
multiplexer 
inputs 
14,13,12 
5 
Y 
multiplexer 
output 
6 
y 
complementary 
multiplexer 
output 


7 
E 
enable input (active LOW) 


8 
GNO 
ground (0 V) 
11,10,9 
50,51,52 
select inputs 
16 
VCC 
positive 
supply 
voltage 


11 
'0 
9 


'0 " " 
'0 


" 


" 
'3 


15 


" 
's 


13 '. 
12 
" 


74HC/HCT151 


MSI l 
_ 


INPUTS 
OUTPUTS 


E 
S2 
S, 
So 
10 
I, 
12 
13 
14 
15 
16 
17 
Y 
y 


H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
H 
L 


L 
L 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
H 
L 
L 
L 
L 
L 
H 
X 
X 
X 
X 
X 
X 
X 
L 
H 
L 
L 
L 
H 
X 
L 
X 
X 
X 
X 
X 
X 
H 
L 
L 
L 
L 
H 
X 
H 
X 
X 
X 
X 
X 
X 
L 
H 


L 
L 
H 
L 
X 
X 
L 
X 
X 
X 
X 
X 
H 
L 
L 
L 
H 
L 
X 
X 
H 
X 
X 
X 
X 
X 
L 
H 
L 
L 
H 
H 
X 
X 
X 
L 
X 
X 
X 
X 
H 
L 
L 
L 
H 
H 
X 
X 
X 
H 
X 
X 
X 
X 
L 
H 


L 
H 
L 
L 
X 
X 
X 
X 
L 
X 
X 
X 
H 
L 
L 
H 
L 
L 
X 
X 
X 
X 
H 
X 
X 
X 
L 
H 


L 
H 
L 
H 
X 
X 
X 
X 
X 
L 
X 
X 
H 
L 


L 
H 
L 
H 
X 
X 
X 
X 
X 
H 
X 
X 
L 
H 


L 
H 
H 
L 
X 
X 
X 
X 
X 
X 
L 
X 
H 
L 
L 
H 
H 
L 
X 
X 
X 
X 
X 
X 
H 
X 
L 
H 


L 
H 
H 
H 
X 
X 
X 
X 
X 
X 
X 
L 
H 
L 


L 
H 
H 
H 
X 
X 
X 
X 
X 
X 
X 
H 
L 
H 


H = HIGH 
voltage 
level 


L = LOW voltage 
level 


X = don't 
care 
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74HC/HCT151 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


52 
170 
215 
255 
2.0 


tPHLI 
propagation 
delay 
19 
34 
43 
51 
ns 
4.5 
Fig. 6 


tpLH 
In to Y 
15 
29 
37 
43 
6.0 


58 
185 
230 
280 


I 


2.0 


I 


tPHLI 
propagation 
delay 
21 
37 
46 
56 
ns 
4.5 
Fig. 6 
tpLH 
In to Y 
17 
31 
39 
48 
6.0 


61 
185 
230 
280 
I 2.0 


tPHLI 
propagation 
delay 
22 
37 
46 
56 
ns 


I 


4.5 
Fig. 7 
tPLH 
Sn to Y 
18 
31 
39 
48 
6.0 


tpHLI 
61 
205 
255 
310 
2.0 


I 


propagation 
delay 
22 
41 
51 
62 
ns 
4.5 
Fig. 7 
tpLH 
Sn to Y 
18 
35 
43 
53 
6.0 


tPHLI 


I 


41 
125 
155 
190 
2.0 
propagation 
delay 
15 
25 
31 
38 
ns 
4.5 
Fig. 7 
tPLH 
Eta 
Y 
12 
21 
26 
32 
6.0 


tPHLI 
propagation 
delay 
47 
145 
180 
220 
2.0 


17 
29 
36 
44 
ns 
4.5 
Fig. 7 
tPLH 
Eto 
Y 
14 
25 
31 
38 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
6 
13 
16 
19 
6.0 


DC CHARACTERISTICS 
FOR 
74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
Ice category: 
MSI 


Note 
to HCT types 


The value of additional 
quiescent 
supply 
current 
Udeel for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


UNIT LOAD 
COEFFICIENT 


0.45 
1.50 
0.30 


AC CHARACTERISTICS 
FOR 
74HCT 


GNO ~ 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
I 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 I -40to 
+125 
V 


min. 
typo 
min. 
max. I 
. 
max. 
max. 
I min. 


tpHLI 
I 


propagation 
delay 


I 


22 
38 
48 
57 


I 


ns 


14.5 
Fig.6 
tpLH 
In to Y 


tPHLI 
propagation 
delay 
22 
38 
48 
I 
57 
ns 
4.5 
Fig. 6 
tpLH 
In to? 


I tPHLI 
propagation 
delay 


I 


23 
41 


1 
51 
62 
ns 
4.5 
Fig. 7 
tpLH 
Sn to Y 


I tPHLI 


I 


propaga.!ion 
delay 


I 


25 
43 
54 
65 
ns 
4.5 
Fig.7 
tPLH 
Sn to Y 


I 


tPHLI 
propagation 
delay 
16 
29 
36 
44 
ns 


1 
4 
. 
5 
Fig.7 
tpLH 
Eto 
Y 


I 


tPHLI 
propagati on delay 


I 


21 
36 
45 
54 
ns 
4.5 
Fig. 7 
tpLH 
Eta? 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
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MSI 


t 


VM 


lpHL- 
__ tplH_ 
r-- 


VMlll 


- 
-ITHl 
I_. 
H 


-:. 


__III 


__ tp 
H- 
-·'I'" 


ITHL- 
-- 


Fig.6 
Waveforms 
showing 
the multiplexer 
input 


(In) to outputs 
(Y and Y) propagation 
delays 


and the output 
transition 
times. 


Fig. 7 Waveforms 
showing 
the select input 
(5n) 


and enable input lEI to outputs 
(Y and YI 


propagation delays and the output transition 
times. 


Note to AC waveforms 


(1) 
He 
: VM~50%;VI~GNDtoVCC' 


HCT: 
VM = 1.3V; 
VI = GND t03V. 


____ 
J 


• 
Non-inverting 
outputs 
• 
Separate enab Ie for each output 
• 
Common 
select 
inputs 
• 
See '253" 
for 3-state version 
• 
Permits 
multiplexing 
from 
n lines to , line 
• 
Enable line provided 
for cascading 
(n lines to , line) 


• 
Output 
capabil ity: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT153 
are high·speed 
Si-gate CMOS devices and are pin 
compatible with low power 5chottky 
TTL (L5TTLI. 
They are specified in 


compliancewithJEDECstandard 
no. 7A. 


The 74HC/HCT153 
have two identical 
4-input 
multiplexers 
which 
select two 
bits 
of data from up to four sources selected 
by common data select inputs (50, 5,). 
The two 
4-input 
multiplexer 
circuits 
have 
individual 
active 
LOW output 
enable 


inputs (1E, 2E) which can be used to 
strobe the outputs 
independently. 


The outputs (lY, 
2Y) are forced LOW 
when 
the corresponding 
output 
enable 
inputs are HIGH. 


The "153" 
is the logic implementation 
of 


a 2~pole, 4·position 
switch, where the 
position 
of the switch 
is determined 
by 


the logic levels applied to So and 5,. 


The logic equations 
for the outputs 
are: 


1Y ~ lE.(110'~1.S0+111.S1.50+ 
TlI2·51·50+113,Sl·50) 


2Y = 2E.(210'~1.S0+211,Sl.50+ 


+212.51.50+213.51.50) 


1Z9J124 
_ 


Fig. 1 Pin configuration. 
~_. 


74HC!HCT153 


MSI 


TYPICAL 
5YMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 
tPHLI 
11n, 21n to nY 
CL=15pF 
14 
16 
ns 


tPLH 
5n to nY 
VCC = 5 V 
15 
17 
ns 


nE to nY 
10 
11 
ns 


CI 
I 


input 
capacitance 
3.5 
3.5 
pF 


CpO 


power dissipation 
notes' 
and 2 
30 
30 
pF 


capacitance 
per multiplexer 


GND = a V; Tamb = 25°C; tr = tf = 6 ns 


Notes 
1. CPO is used to determine the dynamic power dissipation IPD in /-LWI: 


Po = CPO x VCC' x fi +:;; (CL x VCC' 
x fol where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa = output frequency in MHz 
VCC 
~ supply voltage in V 
E (CL x VCC' x fa) = sum of outputs 
2. For HC 
the condition 
is VI ~ GND to VCC 


For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DI L; plastic (SDT38Z). 
16·lead mini-pack; plastic (S016; SOT109A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,15 
lE,2E 
output enable inputs (active LOW) 


14,2 
50,51 
common 
data select inputs 
6,5,4,3 
110to 113 
data inputs 
from 
source 
1 
7 
lY 
multiplexer 
output 
from 
source 
1 


8 
GND 
ground (0 VI 


9 
2Y 
multiplexer 
output 
from 
source 2 


10,11,12,13 
210 to 213 
data inputs 
from 
source 2 


16 
VCC 
positive supply voltage 


So 


"0 
", 
lY 


'" 
'" 


10 


12 
'Y 
10 
13 


15 
12 


S, 
13 


7193125 
lZ93f26.1 


Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 


74HC!HCT153 


MSI l 
_ 


The" 153" can be used to move data to a 
common output bus from a group of 
registers. The state of the select inputs 
would determine the particular register 
from which the data came. An alternative 
application 
is a function 
generator. 
The 
device can generate two functions 
or 


three variables. This is useful for 
implementing highly irregular random 
logic. 


SELECT 
DATA INPUTS 
OUTPUT 
OUTPUT 
INPUTS 
ENABLE 


So 
S1 
nlO 
Ill, 
nl2 
nl3 
nE 
nY 


X 
X 
X 
X 
X 
X 
H 
L 


L 
L 
L 
X 
X 
X 
L 
L 
L 
L 
H 
X 
X 
X 
L 
H 
H 
L 
X 
L 
X 
X 
L 
L 
H 
L 
X 
H 
X 
X 
L 
H 


L 
H 
X 
X 
L 
X 
L 
L 
L 
H 
X 
X 
H 
X 
L 
H 
H 
H 
X 
X 
X 
L 
L 
L 
H 
H 
X 
X 
X 
H 
L 
H 


H = HIGH voltage level 
L = LOW voltage level 
X = don·t care 
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74HC/HCT153 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 


I 


UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. I min. 
max. 


tPHLI 
propagation delay 
47 
145 
180 
220 
2.0 


tpLH 
llntonY; 
17 
29 
36 
44 
ns 
4.5 
Fig. 6 
21n to nY 
14 
25 
31 
38 
6.0 


tPHLI 
propagation delay 
50 
150 


I 


190 
225 
2.0 


tPLH 
Sn to nY 
18 
30 
38 
45 
ns 
4.5 
Fig. 7 
14 
26 
33 
38 
6.0 


tPHLI 
propagation delay 
33 
100 


1 


125 
150 
2.0 


tpLH 
nE to nY 
12 
20 
25 
30 
ns 
4.5 
Fig. 7 
10 
17 
21 
26 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


tTLH 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 


6 
13 
16 
19 
6.0 


74HC/HCT153 


MSI 


DC CHARACTERISTICS 
FOR 
74HCT 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capabil ity: standard 
ICC category: 
MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(l\ICCI 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
tdCC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


1!.D,2In 
0.45 
nE 
0.60 
Sn 
1.35 


AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCl 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
I 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 I -40to+125 
V 


min. 
typ. 
max. 
min. 
max·1 
min. 
max.j 


propagation 
delay 


I 


tPHL 
11n tonY; 
19 
34 
43 
51 
ns 
4.5 
Fig. 6 
21n to nY 


propagation 
delay 
tPLH 
1lntonY; 
13 
24 
30 
36 
ns 
4.5 
Fig. 6 
21n to nY 


tpHLI 
propagation 
delay 


I 


20 
34 
43 
51 
ns 
4.5 
I 


Fig. 7 
tpLH 
Sn to nY 


I 


tPHU 
propagation 
delay 
14 
27 
34 
41 
ns 
4.5 
Fig. 7 
tPLH 
nE to nY 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
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74HC/HCT153 


MSI 


I 


tTHL_1 


Fig. 6 Waveforms 
showing 
the input 
(lln• 
21n) 
to output 
(lY. 
2Y) propagation 
delays and the 
output 
transition 
times. 


Fig. 7 Waveforms 
showing 
th2 select input 
(SO. 
51) and the output 
enable 
input 
(E) to output 
(lY. 2Y) propagation 
delays and the output 
transition 
times. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


'I( Joe"", 
1986 
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PCl4HC/HCT154 


MSI 


Vcc 
OX 
XIY 


23 


}* 


23 


AO 
22 
22 


" 
" 
A, 
20 
'0 
23 
AO 
YO 


5 
Y, 
6 
A, 
22 
A, 


7 


21 
A, 
, 
• 
'0 


10 
11 


'0 
A, 
13 


Y15 
Y'4 
16 
'4 


18 
'0 
,. 
" 


V'5 
17 


y. 


lal 
(bl 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 


• 
16-line demultiplexing 
capability 
• 
Decodes 4 binary-coded 
inputs into 
one of 16 mutually 
exclusive outputs 
• 
2-input 
enable gate for strobing or 
expansion 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT154 are high-speed 
Si-gate CMOS devicesand are pin 
compatible with low power Schottky 
TTL ILSTTL). They are specified in 
compliance with JEDEC standard no. 7A. 


The 74HC/HCT154 decodersaccept 
four 
active HIGH binary 
address 
inputs 
and provide 
16 mutually 
exclusive 
active 
LOW outputs. 
The 2-input enable gate can be used to 
strobe 
the decoder 
to eliminate 
the normal 
decoding "glitches" on the outputs, or it 
can be used for the expansion 
of the 
decoder. 


The enable gate hastwo AND'ed inputs 
which must be LOW to enable the outputs. 


The "154" 
can be usedasa 1-to-16 
demultiplexer 
by using one of the enable 
inputs as the multiplexed 
data input. 


When the other enable is LOW, the 
addressedoutput will follow the state of 
the applied data. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpHLI 
propaga!i.ondeJ;ly 
CL=15pF 
11 
13 
ns 
tPLH 
An, En to Yn 
VCC = 5 V 


Cj 
input capaci tance 
3.5 
3.5 
pF 


CPO 
power dissipation 
notes 1 and 2 
60 
60 
pF 
capacitance per package 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlW): 


PD = CPD x VCC' x Ii + ~ (CL x VCC' x 10) where: 


Ii 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


~ ICL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


24-leadDIL;plastic(50Tl 01A). 
24-leadmini-pack;plastic(5024; 50T137A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1, 2, 3, 4, 5, 6, 
7,8,9,10,11, 
YO to '(15 
outputs (active LOW) 
13,14,15,16, 
17 


18,19 
EO,El 
enable inputs (active LOW) 
12 
GND 
ground (0 V) 


23, 22, 21, 20 
AO to A3 
address inputs 
24 
VCC 
positive supply VOltage 


74HC!HCT154 


MSI l 
_ 


INPUTS 
OUTPUTS 


EO 
E1 
AO 
A1 
A2 
A3 
YO 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 
Ya 
Y9 
YlO 
Y11 
Y12 
Y13 
Y14 
- 
Y15 


H 
H 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


H 
L 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
H 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
L 
H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


I 


H 
H 


L 
L 
H 
H 
L 
L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


i 


L 
L 
L 
L 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
i H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


I 


H 
H 
H 
H 
H 
H 


L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 


L 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 


L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 


L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 


L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
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74HC/HCT154 


MSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to 
+85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
36 
150 
190 
225 
2.0 


13 
30 
38 
45 
ns 
4.5 
Fig.6 


tpLH 
An to Yn 
10 
26 
33 
38 
6.0 


tpHL/ 
propagati on delay 
39 
150 
190 


I 


225 
2.0 
14 
30 
38 
45 
ns 
4.5 
Fig. 7 
tPLH 
En to Yn 
11 
26 
33 
38 
6.0 


tTHL/ 


19 
75 
95 
110 
2.0 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 


lTLH 
6 
13 
16 
19 
6.0 


74HC/HCT154 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


Note 
to HCT types 


The value 
of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
6lCC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


UNIT 
LOAD 


COEFFICIENT 


1.0 
1.0 


AC 
CHARACTERISTICS 
FOR 
74HCT 


GND 
= 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OCI 
TEST 
CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
I 
propagation 
delay 
35 
44 
4.5 
Fig.6 
tpLH 
An to Yn 
16 
53 
ns 


tPHLI 
I pro~gatio~ 
delay 
15 
32 


1 


40 
48 
4.5 


I 


Fig. 7 
tPLH 
I 
En to Y n 
ns 


tTHLI 
I 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
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74HC/HCT154 


MSI 


'"'NPUT JVMI" 


l-IPHL- 


VM 
Cll 


! 


ITHL_i 
f_ 


Fig. 6 Waveforms 
showing the address 
input 
IAn) 


to output 
IYn) propagation 
delays and the 


output 
transition 
times. 


Fig. 7 Waveforms 
showing 
the enable input 
(Enl 
to output 
IYnJ propagation 
delays and the 


output 
transition 
times. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC. 
HCT: VM = 1.3 V; VI = GND to 3 V. 


Fig. 9 
1·of-16 demultiplexer; 
logic level on 
selected outputs 
follow the logic level on the 


data 
input. 


___ 
J 


FEATURES 


• 
Non-inverting 
data 
path 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT157 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with 
low power 
Schottky 
TTL 
I LSTTL). 
They 
are specified 
in 
compliancewithJEOEC 
standard 
no. 7A_ 


The 74HC/HCT157 
are quad 
2-input 
multiplexers 
which 
select 4 bits of 


data 
from 
two sources under 
the control 
of a common 
data select 
input 
IS). 


The four 
outputs 
present 
the selected 
data 
in the true 
(non-inverted) 
form. 
The enable 
input 
(E) is active 
LOW. 


When E is HIGH, 
all of the outputs 
I1Y 
to 


4Y) 
are forced 
LOW regardless 
of all other 


input 
conditions. 


Moving 
the data from 
two groups 
of 
registers to four common 
output buses 


is a common 
use of the "157". The state 
of the common 
data select 
input 
(S) 
determines 
the particular 
register 
from 


which the data comes. 
It can also be used 


as function 
generator. 


The 
device 
is useful! 
for implementing 


highly 
irregular 
logic 
by generating 
any 


four 
of the 16 different 
functions 
of two 


variables 
with 
one variable 
common. 


The 
"157" 
is the logic implementation 
of 
a 4-pole. 
2-position 
switch, 
where 
the 
position 
of the switch 
is determined 
by 
the logic 
levels applied 
to S. 


The 
logic equations 
are: 


lY = E.(111.S 
+ 110.5) 


2Y = E_(2I1.S 
+210.5) 


3Y = E.(311.S 
+310.5) 


4Y = E.1411'S 
+ 410.51 


The "157" 
is identical 
to the "158" 
but has non-inverting 
(true) 
outputs. 


74HC/HCT157 


MSI 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 


tPHLI 
~IO, nil 
to nY 
CL = 15 pF 
11 
13 
ns 


tPLH 
Eta 
nY 
VCC = 5 V 


I 


11 
12 
ns 


S to nY 
12 
19 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 
1 and 2 
70 
70 
pF 
capacitance 
per multiplexer 


Notes 


1. 
CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in IlW): 


Po = CPO x VCC' 
x fi + ~ ICL 
x VCC' 
x fa) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa = 
output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 


E ICL x VCC' 
x fol = sum of outputs 


2. 
For HC 
the condition 
is VI 
= GNO to VCC 
For HCT the condition 
is VI = GNO 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead OIL; 
plastic 
ISOT38Zl. 


16-lead mini-pack: 
plastic 
(S016: 
SOT109AI. 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
S 
common 
data select input 


2,5,11,14 
110 to 410 
data inputs 
from 
source 0 


3,6,10,13 
111 to 411 
data inputs 
from 
source 
1 


4,7,9,12 
lY 
t04Y 
multiplexer 
outputs 


8 
GNO 
ground 
10 V) 


15 
E 
enable 
input 
lactive 
LOW) 


16 
VCC 
positive 
supply 
voltage 


I' 
s 


"0 
", 


"0 
2Y 
", 


11 
310 
3Y 


'0 
31, 


14 
"0 
4Y 
12 


13 
", 


IS 


Fig.2 
Logic sy mbol. 


74HC/HCT157 


MSI l 
_ 


INPUTS 
OUTPUT 


E 
S 
nlO 
nl1 
nY 


H 
X 
X 
X 
L 


L 
L 
L 
X 
L 
L 
L 
H 
X 
H 
L 
H 
X 
L 
L 
L 
H 
X 
H 
H 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 
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Q_U_a_d_2_-_in_ 


p 
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74HC!HCT157 


MSI 


DC CHARACTERISTICS 
FOR 
74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPH LI 
propagation 
delay 
36 
125 
155 
190 
20 
nlO to nY; 
13 
25 
31 
38 
ns 
4.5 
Fig. 7 
tpLH 
nil 
to nY 
10 
21 
26 
32 
6.0 


tPHLI 
propagation 
delay 


I 


39 
115 
145 
175 
2.0 


tpLH 
E to nY 
14 
23 
29 
35 
ns 
4.5 
Fig. 6 


11 
20 
25 
30 
6.0 


tPHLI 


I 


propagation 
delay 
41 
125 
155 
190 


I ns 


2.0 


15 
25 
31 
38 
4.5 
Fig. 7 
tpLH 
S to nY 
12 
21 
26 
32 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
6 
13 
16 
19 
6.0 
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74HC/HCT157 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


Note 
to HCT tYpes 


The value of additional 
quiescent 
supply 
current 
(tdCCI for a unit 
load of 1 is given in the family 
specifications. 


To determine 
6lCC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


nlO 
1.00 


~1 
1.00 


E 
0.60 
S 
1.00 


AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max·1 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
nlO to nY; 
16 
27 
34 
41 
ns 
4.5 
Fig. 7 
tpLH 
nil 
to nY 


tPHLI 
propagation 
delay 
15 
26 
33 
39 
ns 
4.5 
Fig. 6 
tpLH 
Eta 
nY 


tPHLI 
propagation 
delay 
22 
37 
46 
56 
ns 
4.5 
Fig. 7 
tPLH 
S to nY 


lTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
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_ut_m_u_l_t_i 


P 
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74H C/H CT157 


MSI 


o'o·o',.s \v 
'" 
{ 
INPUT 
~ 
M 


I-~'P-H-L---I----~--tPLH--J 


oY OUTPUT 
-'VMII' 
r 


"'09" 
'THLJl-----:::1 L'TLH 


Fig. 6 
Waveforms 
showing 
the enable 
input 
(E) 


to output 
(nY) 
propagation 
delays and the 
output 
transition 
times. 


Fig. 7 Waveforms 
showing 
the data inputs 
(n In) 


and common 
data select input 
(51 to output 
(nY) 


propagation 
delays. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 
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74HC/HCT158 


MSI 


FEATURES 


• 
Inverting data path 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT158 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL ILSTTLI. They are specified in 
compliance with JEOEC standardno. 7A. 
The 74HC/HCT158 are quad 2-input 
multiplexers which select 4 bits of data 
from two sourcesand are controlled by 
a common data select input (S). The four 
outputs present the selecteddata in the 
inverted form. The enable input (E) is 
active LOW. 


WhenE is HIGH, all the outputs (lY 
to 


4Y) are forced HIGH regardlessof all 
other 
input 
conditions. 


Moving the data from two groups of 
registers 
to four 
common 
output 
buses 


is a common useof the "158". The state 
of S determines 
the particular 
register 


from 
which 
the data comes. 
It can also 
be used as a function 
generator. 


The 
device 
is useful for 
implementing 
highly irregular logic by generatingany 
four of the 16 different functions of two 
variables 
with 
one variable 
common. 


The "158" 
is the logic implementation of 


a 4-pole, 
2·position 
switch, 
where 
the 
position 
of the switch 
is determined 
by 
the logic levelsapplied to S. 


The 
logic equations 
for the output 
are: 


1'( = E.(111.S+ 110'S) 


2'( = E.(211'S + 210'S) 


3'( = E.(311.S+ 310'S) 


4'( = E.(411'S + 410.51 


The "158" 
is identical to the "157" 
but has inverting outputs. 


I 


vcc 
I 


E 
I 


410 


4', 


4Y 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
He 
HCT 


propagation delay, 
12 
13 
ns 
tPHLI 
~IO, nLJ to nY 
CL = 15 pF 
14 
16 
ns 
tpLH 
E to nY 
VCC = 5 V 
14 
16 
ns 
StonY 


CI 
input 
capacitance 
3.5 
3.5 
pF 


power 
dissipation 


CPO 
capacitance per 
notes 1 and 2 
40 
40 
pF 
multiplexer 


Notes 


1. CPOis usedto determine the dynamic power dissipation (PO in "WI: 


Po = CPOx VCC' x fi +:!: (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


:E(CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16~e.d OIL: plastic IS0T38ZI. 
16-leadmini-pack; plastic (S016: SOT109AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
S 
common 
data select input 


2,5,11,14 
110to 410 
data inputs from source 0 


3,6,10,13 
111to 411 
data inputs 
from 
source 
1 


4,7,9,12 
1'1'to 4'1' 
multiplexer 
outputs 


8 
GNO 
ground (0 VI 


15 
E 
enable input (active LOWI 


16 
VCC 
positive supply voltage 


"0 
'Y 
", 


210 
2V 
21, 
" 
3'0 
3Y 
10 
'" 


'4 
"0 
<Y 
12 


'3 
'" 
" 
1S 


10 


IZ8149J 


Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 
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MSI l 
_ 


INPUTS 
OUTPUT 


E 
S 
nlO 
nil 
nY 


H 
X 
X 
X 
H 


L 
L 
L 
X 
H 
L 
L 
H 
X 
L 
L 
H 
X 
L 
H 


L 
H 
X 
H 
L 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 
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74HC/HCT158 


MSI 


Output 
capability: 
standard 
ICC category: 
MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-·40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
41 
125 
155 
190 


I 


2.0 
15 
25 
31 
38 
ns 
4.5 
Fig. 7 
tpLH 
nlO, nl1 to n"i' 
12 
21 
26 
32 
6.0 


tPHLI 
propagation 
delay 
47 
145 
180 
220 
2.0 
17 
29 
36 
44 
ns 
4.5 
Fig. 6 
tPLH 
Eto 
n"i' 
14 
25 
31 
38 
6.0 


tpHLI 
propagat; on delay 
47 
145 
180 
220 


I 


2.0 
17 
29 
36 
44 
ns 
4.5 
Fig. 7 
tpLH 
S to nY 
14 
25 
31 
38 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
6 
13 
16 
19 
6.0 


74HC/HCT158 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: 
MSI 


Note 
to HCT 
types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table below. 


T amb (OC) 
TEST 
CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to 
+85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I tpHLI 
propagation 
delay 
16 
30 
38 
45 
ns 
4.5 
Fig. 7 


tpLH 
niO. nil 
to nY 


tPHLI 
propagation 
delay 
19 
35 
44 
53 
ns 


1 
45 
Fig. 6 
tpLH 
Eto 
n? 


tPHLI 
propagation 
delay 
19 
135 
44 
53 
ns 
4.5 
Fig. 7 
tPLH 
S to nY 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 


tTLH 


M"oh 19881 ( 


E 'NPUT\_VM '_" 
I 
0'0·",·5 J '" 
INPUT 
V\II 


Fig. 6 Waveforms 
showing 
the enable input 
(E) 
to output 
(n Y) propagation 
delays and the 
output transition times. 


74HC/HCT158 


MSI 


Fig. 7 Waveforms 
showing 
the data input 
(nIO' 


nl,) 
to output 
(nY) 
propagation 
delays and 


the output 
transition 
times. 


Note 
to AC waveforms 


(1) He 
VM = 50%; VI = GND to VCC· 
HCT: VM = 1.3 V; VI = GND to 3 V. 


___ 
J 


74HC/HCT160 


MSI 


• 
Synchronous 
counting 
and 
loading 


• 
Two 
count 
enable 
inputs 
for 
n-bit 
cascading 


• 
Positive-edge 
triggered 
clock 
• 
Asynchronous 
reset 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


The 74HC/HCT160 
are high-speed 


Si-gate CMOS devices and are pin 
compatible 
with 
Jow power 
Schottky 
TTL 
(LSTTLl. 
They 
are specified 
in 


compliance 
with 
JEOEC 
standard 
no. 7A. 


The 74HC/HCT160 
are synchronous 
presettable 
decade 
counters 
which 
feature 


an internal 
look·ahead 
carry 
and can be 


used for 
high-speed 
counting. 


Synchronous 
operation 
is provided 
by 
having 
all flip-flops 
clocked 


simultaneously 
on the positive-going 
edge 
of the clock 
(CP). 


The outputs 
(00 
to 03) 
of the counters 
may 
be preset 
to a HIGH 
or LOW level. 


A LOW 
level at the parallel 
enable 
input 
(PEl disables 
the 
counting 
action 
and 


causes 
the 
data 
at the 
data 
inputs 
(DO to 
03) 
to be loaded 
into 
the counter 
on the 
positive-going 
edge of the clock 
(providing 
that 
the set-up and hold 
time 
requirements 


for fIE are met). 
Preset takes place 
regardless of the levels at count 
enable 
inputs 
(CEP and CET). 


TYPICAL 
SYMBOL 
PARAMETER 
CONOITIONS 
I UNIT 
HC 
HCT 


propagation 
delay 
CP to On 
19 
21 
ns 
CP to TC 
21 
24 
ns 
tPHL 
MR to On 
21 
23 
ns 
MR to TC 
CL = 15 pF 
21 
26 
ns 
CET to TC 
VCC = 5 V 


14 
14 
ns 


propagation 
delay 
CP to Qn 
19 
21 
ns 


tPLH 
CP to TC 
21 
20 
ns 
CET to TC 
14 
7 
ns 


fmax 
maximum 
clock 
frequency 
61 
31 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
I 


pF 


CPI) 
power dissipation 
notes 
1 and 2 
39 
34 
pF 
capacitance 
per package 


Notes 


1. 
CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in flW): 


Po 
= CPO x VCC' 
x fi + ~ (CL x VCC' 
x fo) where: 


fj 
= 
input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 
L (CL 
x VCC' 
x fol = sum of outputs 


2. 
For HC 
the condition 
is VI = GNO 
to VCC 
For HCT the condition 
is VI = GNO 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DI L: plastic 
IS0T38ZI. 


16-lead mini-pack: 
plastic 
IS016; 
SOT109A). 


'I( oee.mb" 1990 
321 


l 
_ 


74HC/HCT160 


MSI 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
MR 
asynchronous 
master 
reset (active 
LOW) 


2 
CP 
clock 
input 
(LOW-to-HIGH, 
edge-triggered) 


3,4,5,6 
DO to D3 
data 
inputs 
7 
CEP 
count 
enable 
input 
8 
GND 
ground 
(0 V) 


9 
PE 
parallel 
enable 
input 
(active 
LOW) 


10 
CET 
count 
enable 
carry 
input 


14,13,12,11 
00 
to 03 
flip-flop 
outputs 


15 
TC 
terminal 
count 
output 


16 
VCC 
positive 
supply 
voltage 


INPUTS 
OUTPUTS 
OPERATING 
MODE 
MR 
CP 
CEP 
CET 
i'E 
Dn 
On 
TC 


reset (clear) 
L 
X 
X 
X 
X 
X 
I 
L 
L 


parallel 
load 
H 
t 
X 
X 
I 
I 
L 
L 


H 
t 
X 
X 
I 
h 
H 
· 


count 
H 
t 
h 
h 
h 
X 
count · 


hold 
H 
X 
I 
X 
h 
X 
qn 
· 
(do nothing) 
H 
X 
X 
I 
h 
X 
qn 
L 


Note to function table 


• The TC output 
is HIGH 
when CET is HIGH 
and the counter 
is at terminal 
count 
(HLLHI. 


H 
HIGH 
voltage 
level 
h 
HIGH 
voltage 
level one set-up time 
prior 
to the LOW-to-HIGH 
CP transition 
L 
LOW voltage 
level 


I 
LOW voltage 
level one set-up time 
prior 
to the LOW-to-HIGH 
CP transition 


q 
lower 
case letters 
indicate 
the state of the referenced 
output one set-up time 
prior 
to the LOW-to-HIGH 
CP transition 


X 
= don't 
care 
t = 
LOW-to-HIGH 
CP transition 


A LOW level at the master 
reset input 
(MR) sets all four 
outputs 
of the flip-flops 
(00 
to 03) 
to LOW level regardless 
of the 


levels at CP, i'E, 
CET and CEP inputs 
(thus 
providing 
an asynchronous 
clear function). 


The look-ahead 
carry 
simplifies 
serial 


cascading of the counters. 
Both count 
enable 
inputs 
(CEP and CET) 
must 
be 


HIGH 
to count. 
The CET input 
is fed 
forward 
to enable 
the terminal 
count 
output 
(TCl. 
The TC output 
thus enabled 
will 
produce 
a HIGH 
output 
pulse of a 
duration 
approximately 
equal 
to a HIGH 
level output 
of 00. 
This pulse can be used 
to enable the next 
cascaded stage. 


The maximum 
clock 
frequency 
for the 
cascaded counters is determined 
by the CP 


to TC propagation 
delay 
and CEP 
to CP set-up time, according to the 
following 
formula: 


fmax 
= 


1 
tP(maxl 
(CP to TCI + tsu 
(CEP to CP) 


74HC/HCT160 


MSI 


Mii-U 


I 
PEru 


00 
~ 
I 
~-------------------------- 


0, 
~ 
I 
L 
_ 


:: -l 
I 
~ 
n 
n 
_ 


74HC/HCT160 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family 
specifications". 


Output 
capabi Iity: standard 
ICC category: 
MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHlI 
propagation 
delay 
61 
185 
230 
280 
2.0 
22 
37 
46 
56 
ns 
4.5 
Fig.8 
tPlH 
I 


CP to On 
18 
31 
39 
48 
6.0 


tpHlI 
propagation 
delay 
69 
215 
270 
325 
2.0 
25 
43 
54 
65 
ns 
4.5 
Fig.8 
tplH 
CP to TC 
20 
31 
46 
55 
6.0 


propagation 
delay 
69 
210 
265 


I 


315 


I 


2.0 


tpHl 
MR to On 
25 
42 
53 
63 
ns 
4.5 
Fig.9 
20 
36 
45 
54 
6.0 


propagation 
delay 


I 


69 
220 
275 
330 
2.0 


tPHl 
MR to TC 
25 
44 
55 
66 
ns 
4.5 
Fig.9 
20 
37 
47 
56 
6.0 


tPHlI 
propagation 
delay 
47 
150 
190 
225 
2.0 


17 
30 
38 
45 
ns 
4.5 
Fig. 10 
tPlH 
CET to TC 
14 
26 
33 
38 
6.0 


tTHlI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 8 and 10 
tTlH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
22 
100 


1 


120 
2.0 


tw 
16 
8 
20 
24 
ns 
4.5 
Fig. 8 
HIGH or lOW 
14 
6 
17 
20 
6.0 


master reset pulse width 
80 
28 
100 


1 


120 
2.0 


tw 
lOW 
16 
10 
20 
24 
ns 
4.5 
Fig. 9 


14 
8 
17 
20 
6.0 


removal 
time 
100 
30 
125 
150 


I 


2.0 


trem 
MR to CP 
20 
11 
25 
30 
ns 
4.5 
Fig. 9 


17 
9 
21 
26 
6.0 


set-up time 
80 
22 
100 
120 
2.0 


lsu 
16 
8 
20 
24 
ns 
4.5 
Fig. 11 
Dn to CP 
14 
6 
17 
20 
6.0 


I 


set-up time 
135 
41 
170 
205 
2.0 


tsu 
PE to CP 
27 
15 
34 
41 
ns 
4.5 
Fig. 11 
23 
12 
29 
35 
6.0 


set-up time 
200 
63 
250 
300 
2.0 


tsu 
40 
23 
50 
60 
ns 
4.5 
Fig. 12 
CEP, CET to CP 
34 
18 
43 
51 
6.0 
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74HC/HCT160 
MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


0 
-17 
0 
0 
2.0 
hold time 
0 
-6 
0 
0 
ns 
4.5 
Figs 11 and 12 
th 
On to CP 
0 
-5 
0 
0 
6.0 


0 
-41 
0 
0 
2.0 
hold time 
0 
-15 
0 
0 
ns 
4.5 
Figs 11 and 12 
th 
PE to CP 
0 
-12 
0 
0 
6.0 


0 
I 
0 
2.0 
0 
-5B 


I 


hold time 
0 
-21 
0 
0 
ns 
4.5 
Figs 11 and 12 
th 
CEP.eET to CP 
0 
-17 
0 
0 
6.0 


6.0 
18 
4.8 
4.0 
2.0 


fmax 


maximum 
clock 
pulse 
30 
55 
24 
20 
MHz 
4.5 
Fig. 8 


frequency 
35 
66 
28 
24 
6.0 


74HC/HCT160 
MSI l 
_ 


Output 
capabil ity: standard 


ICC category: MSI 


Note to HCT types 


The 
value of additional 
quiescent 
5upply 
current 
(.6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 61CC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


MR 
0.95 
CP 
0.80 


CEP 
0.25 


INPUT 
UNIT LOAD 
COEFFICIENT 


Dn 
0.25 
CET 
1.05 
PE 
0.30 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V;tr= 
tf= 
6 ns;CL = 50pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
I 


propagation 
delay 
25 
43 
I 


54 
65 
ns 
4.5 
Fig. 8 
tPLH 
CP to Qn 


tPHL 
propagation delay 
28 
48 
60 


I 


72 
ns 
4.5 
Fig. 8 
CP to TC 


tPLH 


propagation 
delay 
23 
39 
49 
59 
ns 
4.5 
Fig. 8 
CP to TC 


tPHL 
propagation 
delay 
27 
50 
63 
75 
ns 
4.5 
Fig. 9 
MR to Qn 


tPHL 


propagation 
delay 
30 
50 
63 
75 
ns 
4.5 
Fig. 9 
MR to TC 


tpHL 
propagation 
delay 
17 
35 
I 


44 
53 
ns 
4.5 
Fig. 10 
CET to TC 


tpLH 
propagation delay 


I 
1 
9 
17 
21 
26 
ns 
4.5 
Fig. 10 
CET to TC 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs8and 
10 
tTLH 


tw 
clock 
pulse width 
16 
8 
I 


20 


1 
24 
45 
Fig. 8 
HIGH or LOW 
ns 


tw 


master 
reset 
pulse 
width 
20 
11 


1 
25 
30 
4.5 
Fig. 9 
LOW 
ns 


trem 


removal 
time 
20 
9 
25 
30 
MR to CP 
ns 
4.5 
Fig. 9 


tsu 
set-up 
time 
18 
10 
25 
30 
4.5 
Fig. 11 
Dn to CP 
ns 


tsu 
set-up 
time 
30 
18 
44 
53 
4.5 
Fig. 11 
PE to CP 
ns 


tsu 
set-up 
time 
50 
30 
63 
75 
4.5 
Fig. 12 
CEP, CET to CP 
ns 


74HC/HCT160 
MSI 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


hold time 
0 
-8 
0 
0 
ns 
4.5 
Figs 11 and 12 
th 
On to CP 


hold time 
0 
-13 
a 
a 
ns 
4.5 
Figs 11 and 12 
th 
PE to CP 


hold time 
a 
-21 
0 
a 
ns 
4.5 
Figs 11 and 12 
th 
CEP. CET to CP 


fmax 
maximum 
clock 
pulse 
16 
28 
13 
11 
MHz 
4.5 
Fig. 8 
frequency 


74HC/HCT161 


MSI 


• 
Synchronous 
counting 
and loading 
• 
Two 
count 
enable 
inputs 
for n-bit 
cascading 
• 
Positive-edge 
triggered 
clock 
• 
Asynchronous 
reset 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


The 74HC/HCT161 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL (LSTTL). 
They are specified 
in 
compliance 
with JEDEC standard 
no. 7A. 


The 74HC/HCT161 
are synchronous 
presettable 
binary 
counters 
which 
feature 
an internal 
look-ahead 
carry 
and can be 
used for high-speed 
counting. 
Synchronous 
operation 
is provided 
by 
having all flip-flops clocked 
simultaneously 
on the positive.-going 
edgE! 
of the clock (CP). 
The outputs 
(00 to 03) of the counters 
may be preset to a HIGH or LOW level. 
A LOW level at the parallel enable input 
(PEl disables the counting 
action and 
causes the data at the data inputs 
(DO to 
D3) to be loaded into the counter 
on the 
positive-going 
edge of the clock (providing 
that 
the set·up and hold 
time 
requirements 
for I'E are met). Preset takes place 
regardless of the levels at count enable 
inputs 
(CEP and CET). 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


propagati on delay 
CP to an 
19 
20 
ns 


tPHL/ 
CP to TC 
21 
24 
ns 
tpLH 
MR to an 
CL = 15 pF 
20 
25 
ns 
MR to TC 
VCC = 5 V 
20 
26 
ns 
CET to TC 
10 
14 
ns 


fmax 
maximum 
clock 
frequency 
44 
45 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 
1 and 2 
33 
35 
pF 
capacitance 
per package 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in p.W): 


PD = CPD x VCC' 
x fi + 1: (CL x VCC' 
x fo: where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo 
= output 
frequency 
in MHz 
VCC 
~ supply voltage in V 
~ (CL X VCC' 
x fo) = sum of outputs 


2. 
For HC 
the condition 
is VI = GND to VCC 


For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-1ead 01 L: plastic ISOT38Z). 
16-lead mini-pack: plastic (5016; SOT109AI. 


l 
_ 


HC/HCT161 


MSI 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
I MR 
asynchronous 
master reset (active 
LOW) 
2 
CP 
clock 
input 
(LOW-to-HIGH, 
edge-triggered) 


3, 4, 5, 6 
DO to 03 
data 
inputs 


7 
CEP 
count 
enable 
input 


8 
GND 
ground 
(0 VI 


9 
PE 
parallel 
enable 
input 
(active 
LOW) 


10 
CET 
count 
enable 
carry 
input 
14,13,12,11 
00 to 03 
flip-flop 
outputs 


15 
TC 
terminal 
count 
output 


16 
VCC 
positive 
supply 
voltage 


INPUTS 
OUTPUTS 


OPERATING 
MODE 


MR 
CP 
CEP 
CET 
PI: 
On 
On 
TC 


I 


reset (clear) 
L 
X 
X 
I 
X 
X 
X 
L 
L 


parallel 
load 
H 
f 
X 
X 
I 
I 
L 
L 


H 
f 
X 
X 
I 
h 
H 
· 


count 
H 
f 
h 
h 
h 
X 
count · 


hold 
H 
X 
I 
X 
h 
X 
qn 
· 
Ida nothing) 
H 
X 
X 
I 
h 
X 
qn 
L 


Note to function 
table 


• The TC output 
is HIGH 
when CET is HIGH 
and the counter 
isat terminal 
count 
(HHHHI. 


H 
HIGH 
voltage 
level 
h 
HIGH 
voltage 
level one set-uD time 
prior 
to the 
LOW-to-HIGH 
CP transition 


L 
LOW voltage 
level 
I 
LOW voltage 
level one set-up 
time 
prior 
to the 
LOW-to-HIGH 
CP transition 


q 
lower case letters indicate the state of the referenced output 
one set-up 
time 
prior 
to the 
LOW-to-HIGH 
CP transition 
X = 
don't 
care 
f 
= 
LOW-to-HIGH 
CP transition 


A LOW level at the master 
reset input 
(MR) 
sets all four 
outputs 
of the flip-flops 
100 to 03) 
to LOW level regardless 
of the 


levels at CP, PE, CET and CEP inputs 
(thus 


providing 
an asynchronous 
clear function). 


The 
look-ahead 
carry 
simplifies 
serial 


cascading of the counters. 
80th count 


enable 
inputs 
ICEP and CET) 
must 
be 


HIGH 
to count. 
The CET 
input 
is fed 
forward 
to enable 
the terminal 
count 
output 
ITCI. 
The TC output 
thus enabled 


will 
produce 
a HIGH 
output 
pulse of a 


duration 
approximately 
equal 
to a HIGH 


level output 
of 00. 
This 
pulse can be used 


to enable the next cascaded stage. 


The maximum 
clock 
frequency 
for the 
cascaded counters 
is determined 
by the CP 


to TC propagation 
delay 
and CEP 


to CP set-up time, 
according 
to the 
following 
formula: 


fmax 
= 


1 
tPlmax) 
(CP to TCI + tsu 
(CEP to CP) 


74HC/HCT161 


MSI 


Mil--U 


I 


PE 


~ 
DO 
8-C:}-{~}-{T9 
D, 
I 


-.J 
! 


clJ 
9 


D, 
I 
0, -.J 


I 


clJ 
ep 
"~ 
== 
clJ 
qJ 


"'~~i 


~T 
I 
I 
aD 


I 
I 
I 


[ 
i 
. 
a, 
~I 
G}-G-G--EJ--G 
I 
I 
a, 


a, 
I 


Fig. 6 
Typical 
timing 
sequence: 
reset outputs 
to zero; preset 
to 


binary 
twelve; 
count 
to thirteen, 
fourteen, 
fifteen, 
zero, 
one and 
two; inhibit. 


a, 


Fig. 7 
Logic diagram. 


74HC/HCT161 


MSI l 
_ 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics". 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = a v; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


61 
190 
240 
285 
2.0 


tpHLI 
propagation 
delay 
22 
38 
48 
57 
ns 
4.5 
Fig. 8 
tPLH 
CP to Qn 
18 
32 
41 
48 
6.0 


69 
215 
270 
325 
2.0 


tpHLI 
propagation 
delay 
25 
43 
54 
65 
ns 
4.5 
Fig. 8 
tPLH 
CP to TC 
20 
37 
46 
55 
6.0 


63 


1 


210 
265 
315 
2.0 


tPHL 
propagation 
delay 
23 
42 
53 
63 
ns 
4.5 
Fig. 9 
MR to Qn 
18 
36 
45 
54 
6.0 


1 


63 
220 
275 
330 
2.0 


tpHL 
propagation 
delay 
23 
44 
55 
66 
ns 
4.5 
Fig. 9 
MR to TC 
18 
37 
47 
56 
6.0 


tPHLI 


33 
150 
190 
225 
2.0 
propagation 
delay 
12 
30 
38 
45 
ns 
4.5 
Fig. 10 


tPLH 
CET to TC 
10 
26 
33 
38 
6.0 


19 


1 


75 
95 
110 
2.0 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 8 and 10 
tTLH 
6 
13 
16 
19 
6.0 


80 
22 
100 
120 
2.0 


tw 
clock pulse width 
16 
8 
20 
24 
ns 
4.5 
Fig. 8 
HIGH or LOW 
14 
6 
17 
20 
6.0 


80 


W 


100 
120 
2.0 


tw 


master 
reset pulse 
16 
20 
24 
ns 
4.5 
Fig. 9 
width; 
LOW 
14 
17 
20 
6.0 


100 
19 
125 
150 


I 


2.0 


trem 


removal 
time 
20 
7 
25 
30 
ns 
4.5 
Fig. 9 
MR to CP 
17 
6 
21 
26 
6.0 


80 
25 
100 
120 
2.0 


tsu 
set·up time 
16 
9 
20 
24 
ns 
4.5 
Fig. 11 
On to CP 
14 
7 
17 
20 
6.0 


100 
30 
125 
150 


I 


2.0 


tsu 
set·up time 
20 
11 
25 
30 
ns 
4.5 
Fig. 11 
PE to CP 
17 
9 
21 
26 
6.0 


170 
47 
215 


1 


255 
2.0 


tsu 
set-up time 
34 
17 
43 
51 
ns 
4.5 
Fig. 12 
CEP, CET to CP 
29 
14 
37 
43 
6.0 


hold time 
a 
-14 
a 
a 
2.0 


th 
On, PE, CEP, 
a 
-5 
0 
a 
ns 
4.5 
Figs 11 and 12 
CET to CP 
a 
-4 
0 
0 
6.0 


4.6 
13 
3.6 
3.0 
2.0 


fmax 
maximum 
clock 
pulse 
23 
40 
18 
15 
MHz 
4.5 
Fig. 8 
frequency 
27 
48 
21 
18 
6.0 


M"oh 
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74HC/HCT161 


MSI 


Output capability: 
standard 
ICC category: MSI 


Note to HCT types 


The 
value 
of additional 
quiescent 
supply 
current 
(6lcel for a unit 
load of 1 is given in the family 
specifications. 


To determine 
t:.ICC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


MR 
0.95 
CP 
1.10 
CEP 
0.25 


INPUT 
UNIT LOAD 
COEFFICIENT 


Dn 
0.25 
CET 
0.75 
PI 
0.30 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
--40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
23 
43 
54 
65 
ns 
4.5 
Fig. 8 
tPLH 
CP to On 


tPHLI 
propagation 
delay 
28 
48 
60 
72 
ns 
4,5 
Fig. 8 
tpLH 
CP to TC 


tPHL 
propagation delay 
29 
46 
58 
69 
ns 
4.5 
Fig.9 
MR to On 


tpHL 
propagation delay 
30 
51 
64 
77 
ns 
4.5 
Fig. 9 
MR to TC 


tPHLI 
propagation 
delay 
17 
35 
44 
53 
ns 
4.5 
Fig, 10 
tPLH 
CET to TC 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 8 and 10 
tTLH 


tw 
clock pulse width 


I 


16 
7 
20 
24 
ns 
4.5 
Fig. 8 
HIGH or LOW 


tw 
master reset pulse 
20 
10 
25 
30 
ns 
4.5 
Fig. 9 
width. 
LOW 


removal 
time 
20 
6 
25 
30 
ns 
4.5 
Fig.9 
trem 
MR to CP 


tsu 
set-up time 
18 
8 
23 
27 
ns 
4.5 
Fig. 11 
On to CP 


tsu 
set-up time 
30 
17 
38 
45 
ns 
4.5 
Fig. 11 
PI to CP 


tsu 
set-up time 
40 
17 
50 
60 
ns 
4.5 
Fig. 12 
CEP, CET to CP 


I 


hold time 
th 
On, PE, CEP, 
0 
-7 
0 
0 
ns 
4.5 
Figs 11 and 12 
CET to CP 


fmax 
maximum 
clock 
pulse 
23 
41 
18 
15 
MHz 
4.5 
Fig.8 
frequency 
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74HC/HCT161 


MSI 


MR 
INPUT 
IIMel1 
-D=O- 


IIMcn 
--'w 
CP 
INPUT 


~'w_1 
CP 
INPUT 


an' Te ~]t"-"'"][ 
1-'·'1 


OUTPUT 


an' Te 
r 


OUTPUT 


VMlll 


7Z9362J 


Fig. 8 
Waveforms 
showing 
the clock 
IC?) to outputs 
IOn' 
TCI 


propagation 
delays, 
the clock 
pulse width, 
the output 
transition 
times 
and the maximum 
clock 
frequency. 


""""'-t~~"lt-'·l 


Te 
OUTPUT 
..[ 
11 
""',, ----jL'TLH 
-'THL 


Fig. 9 
Waveforms 
showing 
the master 
reset (MRI 
pulse width, 
the master reset to output 
IOn, 
TCI 
propagation 
delays 
and 


the master 
reset to clock 
(CP) 
removal 
time. 


Fig. 11 Waveforms 
showing 
the set·up and hold 
times 
for 
the 
input 
(onl 
and parallel 
enable 
input 
?E. 


Note to Figs 11 and 12 


The shaded areas indicate when the input is permitted to 
change for predictable 
output 
performance. 


Note to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GNo 
to VCC· 


HCT: 
VM = 1.3 V; VI = GNo 
to 3 V. 
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74HC/HCT162 


MSI 


• 
Synchronous 
counting 
and 
loading 
• 
Two count 
enable 
inputs for n-bit 


cascading 


• 
Positive-edge 
triggered 
clock 


• 
Synchronous 
reset 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT162 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with 
low 
power 
Schottky 
TTL 
(LSTTL). 
They 
are specified 
in 
compliance 
with 
JEOEC 
standard 
no. 7A. 


The 74HC/HCT162 
are synchronous 
presettable 
decade counters 
which 
feature 
an internal 
look-ahead 
carry 
and can be 
used 
for high-speed 
counting. 
Synchronous 
operation 
is provided 
by 
having 
all flip-flops 
clocked 
simultaneously 
on the 
positive-going 
edge 
of the clock 
(CP). 


The outputs 
(00 
to 03) 
of the counters 
may 
be preset to a HIGH 
or LOW level. 


A LOW 
level at the parallel 
enable 
input 
(PE) disables 
the counting 
action 
and 
causes 
the 
data 
at the 
data 
inputs 
(DO to 
031 to be loaded 
into 
the counter 
on the 
positive-going 
edge of the clock 
(providing 
that 
the 
set-up 
and 
hold 
time 
requirements 
for 
PE are met). 
Preset takes place 
regardless 
of the 
levels 
at count 
enable 


inputs 
(CEP and CET). 


For the "162" 
the clear function 
is 
synchronous. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 
CP to On 
19 
20 
ns 
tPHL 
CP to TC 
21 
26 
ns 
CET to TC 
11 
15 
ns 


propagation 
delay 
CL=15pF 


CP to On 
VCC = 5 V 
19 
20 
ns 
tPLH 
CP to TC 
21 
19 
ns 
CET to TC 
11 
10 
ns 


fmax 
maximum 
clock 
frequency 
63 
32 
MHz 


C, 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 
1 and 2 
37 
37 
pF 
capacitance per package 


Notes 


1. 
CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in /-LW): 


Po = CPO X VCC' 
x Ii + :': (CL x VCC' 
x fo) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 
~ (CL x VCC' 
x fol 
= sum of outputs 


2. 
For HC 
the condition 
is VI = GNO 
to VCC 


For HCT the condition 
is VI = GNO to VCC 
- 
1.5 V 


PACKAGE 
OUTLINES 


16-lead OIL: plastic 
ISOT38Zl. 


16-lead mini-pack: 
plastic 
(5016: 
SOT109A). 
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74HC/HCT162 


MSI 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
MR 
synchronous 
master 
reset (active 
LOW) 


2 
CP 
clock 
input 
(LOW-to-HIGH, 
edge-triggered) 


3,4,5,6 
DO to 03 
data 
inputs 
7 
CEP 
count 
enable 
input 
8 
GND 
ground 
(0 V) 
9 
PE 
parallel 
enable 
input 
(active 
LOW) 


10 
CET 
count 
enable 
carry 
input 


14,13,12,11 
QO to Q3 
flip-flop 
outputs 


15 
TC 
terminal 
count 
output 


16 
VCC 
positive 
supply 
voltage 


INPUTS 
OUTPUTS 


OPERATING 
MODE 
MR 
CP 
CEP 
CET 
PE 
On 
Qn 
TC 


reset (clear) 
I 
t 
X 
X 
X 
X 
L 
L 


parallel 
load 
h 
t 
X 
X 
I 
I 
L 
L 


h 
t 
X 
X 
I 
h 
H 
· 


count 
h 
t 
h 
h 
h 
X 
count · 


hold 
h 
X 
I 
X 
h 
X 
qn 
· 
(do nothing) 
h 
X 
X 
I 
h 
X 
qn 
L 


Note 
to function 
table 


• The TC output 
is HIGH 
when CET is HIGH 
and the counter 
isat terminal 
count 
IHLLH). 


H 
HIGH 
voltage 
level 
h 
HIGH 
voltage 
level one set-up time 
prior 
to the 
LOW-to-HIGH 
CP transition 
L 
LOW voltage 
level 


I 
LOW voltage 
level one set-up time 
prior 
to the 
LOW-to-HIGH 
CP transition 


q 
lower 
case 
letters 
indicate 
the state 
of the 
referenced 
output 
one set-up time 
prior 


to the 
LOW-to-HIGH 
CP transtion 


X = don't 
care 
t 
= LOW-to-HIGH 
CP transition 


A LOW level at the master 
reset input 


IMR) 
sets all four 
outputs 
of the flip-flops 


(QO to Q3) to 
LOW 
level after 
the next 


positive-going 
transition 
on the clock 
ICP) 
input 
(provided 
that 
the set-up 
and hold 


time 
requirements 
for MR 
are metl. 
This 


action 
occurs 
regardless 
of the 
levels at ?E, 


CET and CEP inputs. 
This synchronous 
reset feature 
enables 
the 


designer 
to modify 
the maximum 
count 
with 
only 
one external 
NAN ° gate. 


The look-ahead 
carry 
simplifies 
serial 
cascading 
of the counters. 
Both 
count 
enable 
inputs 
ICEP and CET) 
must 
be 


HIGH 
to count. 
The CET 
input 
is fed 


forward 
to enable 
the terminal 
count 


output 
ITC). 
The TC output 
thus enabled 
will 
produce 
a HIGH 
output 
pulse of a 


duration 
approximately 
equal 
to a HIGH 
level output 
of QO' This 
pulse can be used 


to enable 
the next 
cascaded 
stage. 


The maximum 
clock 
frequency 
for the 


cascaded 
counters 
is determined 
by the CP 
to TC propagation 
delay 
and CEP 


to CP set-up time, 
according 
to the 


following 
formula: 


fmax 
= 


1 


tP(max) 
(CP to TC) + tsu 
(CEPto 
CP) 
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Output 
capability: 
standard 


ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation 
delay 
58 
190 
240 
285 


I ns 


2.0 
21 
38 
48 
57 
4.5 
Fig.8 


tPLH 
CP to Qn 
17 
32 
41 
48 
6.0 


tPHLI 
propagation 
delay 
69 
215 
270 
325 
2.0 
25 
43 
54 
65 
ns 
4.5 
Fig.8 


tPLH 
CP to TC 
20 
37 
46 
55 
6.0 


tPHLI 
propagation 
delay 


1 


39 
150 
190 


I 


225 


I 


2.0 
14 
30 
38 
45 
ns 
4.5 
Fig.9 
tPLH 
CET to TC 
11 
26 
33 
38 
6.0 


tTHLI 
W 


75 


1 


95 
110 


I 


2.0 


output 
transition 
time 
15 
19 
22 
ns 
4.5 
Figs 8 and 9 


tTLH 
13 
16 
19 
6.0 


clock pulse width 
80 
22 
100 
120 
2.0 
tw 
16 
8 
20 
24 
ns 
4.5 
Fig. 8 
HIGH or LOW 
14 
6 
17 
20 
6.0 


set-up time 
100 
28 
125 
150 
2.0 


tsu 
MR, On to CP 
20 
10 
25 
30 
ns 
4.5 
Figs 10 and 11 
17 
8 
21 
26 
6.0 


set-up 
time 
135 
39 
170 
205 
2.0 
tsu 
?E to CP 
27 
14 
34 
41 
ns 
4.5 
Fig. 10 
23 
11 
29 
35 
6.0 


set-up time 
200 
69 
250 
300 
2.0 


tsu 
40 
25 
50 
60 
ns 
4.5 
Fig. 12 
CEP, CET to CP 
34 
20 
43 
51 
6.0 


hold time 
0 
-17 
0 
0 
2.0 


th 
On, ?E, CEP, 
0 
-6 
0 
0 
ns 
4.5 
Figs 10, 11 and 12 
CET, MR to CP 
0 
-5 
0 
0 
6.0 


6.0 
19 
4.8 
4.0 
2.0 


fmax 
maximum 
clock 
pulse 
30 
57 
24 
20 
MHz 
4.5 
Fig.8 
frequency 
35 
68 
28 
24 
6.0 
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74HC/HCT162 


MSI 


Output capabi Iitv: standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent supply current III ICC) for a unit load of 1 is given in the family specifications. 
To determine IIICC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


MR 
0.95 
CP 
0.80 
CEP 
0.25 


INPUT 
UNIT LOAD 
COEFFICIENT 


On 
0.25 
CET 
1.05 
PI 
0.30 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. I min. 
max. 


tPHLI 
propagation delay 
24 
43 
54 
65 
ns 
4.5 
Fig.8 
tPLH 
CP to Qn 


tpHL 
propagation delay 


1 
30 
51 


1 
64 
77 
ns 
4.5 
Fig. 8 
CP to TC 


tpLH 
propagation delay 


I 


22 
45 
I 


56 
68 
ns 
4.5 
Fig. 8 
CP to TC 


tpHL 
propagation delay 
18 
35 
44 
53 
ns 
\4.5 
Fig. 9 
CET to TC 


tpLH 
propagation delay 
12 
24 
30 
36 
ns 
4.5 
Fig.9 
CET to TC 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 


I 


4.5 
Figs 8 and 9 
tTLH 


tw 
clock pulse width 
16 I 


7 
20 
24 
ns 
4.5 
Fig.8 
HIGH or LOW 


tsu 
set·up time 
20 
9 
25 
30 
ns 
4.5 
Fig. 10 
On to CP 


tsu 
I 


set-up time 
35 
16 
44 
53 
ns 
4.5 
Fig. 10 
PI to CP 


tsu 
set-up time 
40 
23 
50 
60 
ns 


I 


4.5 
Fig. 12 
CEP, CET to CP 


tsu 
set-up time 
20 
12 
25 
30 
ns 
4.5 
Fig. 11 
MR to CP 


hold time 


1- 
10 


1 
4 
. 
5 
th 
On, PI, CEP, 
0 
0 
0 
ns 
Figs 10, 11 and 12 
CET, MR to CP 


fmax 
maximum 
clock 
pulse 
17 
29 
14 
11 
MHz 
4.5 
Fig.8 
frequency 
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Fig. 8 
Waveforms 
showing 
the clock 
ICP) to outputs 
(On, TC) 
propagation 
delays, 
the clock 
pulse width, 
the output 
transition 
times and the maximum 
clock 
frequency. 


Fig. 
10 
Waveforms 
showing 
the set-up 
and hold 
times 
for the 


input 
IDnl 
and parallel 
enable 
input 
(PEl. 


Fig. 9 
Waveforms 
showing 
the input 
ICETI 
to output 
(TCI 


propagation 
delays and output 
transition 
times. 


Note 
to Figs 10, 11 and 12 


The 
shaded 
areas 
indicate 
when 
the 
input 
is permitted 
to 
change 
for predictable 
output 
performance. 


Note to AC waveforms 


(1) 
HC 
VM = 50%; VI = GND to VCC' 


HCT: 
VM = 1.3 V; VI = GND to 3 V. 
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The HC/HCT162 
facilitate 
designing counters 
of any modulus 
with 


minimal 
external 
logic. 


The output 
is glitch·free 
due to the synchronous 
reset. 
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74HC/HCT163 


MSI 


• 
Synchronous 
counting 
and loading 
• 
Two 
count 
enable 
inputs 
for n-bit 


cascading 
• 
Positive-edge 
triggered 
clock 
• 
Synchronous 
reset 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT163 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL (LSTTl). 
They are specified 
in 


compliance 
with JEOEC standard 
no. 7A. 


The 74HC/HCT163 
are synchronous 
presettable 
binary 
counters 
which 
feature 
an internal 
Jook·ahead 
carry and can be 


used for high-speed 
counting_ 
Synchronous 
operation 
is provided 
by 


having all flip-flops 
clocked 


simultaneously 
on the positive-going 
edge 
of the clock (CP). 
The outputs 
(00 to 03) 
of the counters 
may be preset to a HIGH or lOW level. 
A lOW level at the parallel enable input 
(PEl disables the counting 
action and 


causes the data at the data inputs 
(00 to 
03) to be loaded into the counter 
on the 
positive-going 
edge of the clock (providing 
that 
the set-up 
and hold 
time 
requirements 
for PE are metl. 
Preset takes place 
regardless of the levels at count enable 
inputs 
(CEP and CET). 


For the "163-- the clear function 
is 


synchronous. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


propagation 
delay 
tPHll 
CP to On 
17 
20 
ns 


tPlH 
CP to TC 
Cl 
= 15 pF 
21 
25 
ns 
CET to TC 
VCC = 5 V 
11 
14 
ns 


fmax 
maximum 
clock 
frequency 
51 
50 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 


power 
dissipation 
notes 
1 and 2 
33 
35 
pF 
capacitance 
per package 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in /J.WI: 


Po = CPO x VCC' 
x fi + ~ (Cl 
x VCC' 
x fo) where: 


fj 
= 
input 
frequency 
in MHz 
C L 
output 
load capacitance 
in pF 
fo 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 


~ (Cl x VCC' 
x fa) = sum of outputs 


2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-load 01 L: plastic (S0T38ZI. 


16-load mini-pack; plastic (5016; SOT109AI. 


00 
0, 
02 
QJ 


I 


14 
13 
12 
11 
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l 
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74HC/HCT163 


MSI 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
MR 
synchronous 
master 
reset (active 
LOW) 


2 
CP 
clock 
input 
(LOW-te-HIGH, 
edge-triggered) 


3,4,5,6 
DO to 03 
data inputs 


7 
CEP 
count 
enable 
input 


8 
GND 
ground 
(0 V) 
9 
PE 
parallel 
enable 
input 
(active 
LOW) 


10 
CET 
count 
enable 
carry 
input 


14,13,12,11 
00 
to 03 
flip-flop 
outputs 


15 
TC 
terminal 
count 
output 


16 
VCC 
positive 
supply 
voltage 


INPUTS 
OUTPUTS 


OPERATING 
MODE 
MR 
CP 
CEP 
CET 
PE 
Dn 
an 
TC 


reset (clear) 
I 
t 
X 
X 
X 
X 
L 
L 


parallel 
load 
h 
t 
X 
X 
I 
I 
L 
L 


h 
t 
X 
X 
I 
h 
H 
· 


count 
h 
t 
h 
h 
h 
X 
count · 


hold 
h 
X 
I 
X 
h 
X 
qn 
· 
(do nothing) 
h 
X 
X 
I 
h 
X 
qn 
L 


Note 
to function 
table 


• The TC output 
is HIGH 
when CET is HIGH 
and the counter 
is at terminal 
count 
(HHHH). 


H 
HI G H voltage 
level 
h 
HIGH 
voltage 
level one set-up 
time 
prior 
to the 
LOW-to-HIGH 
CP transition 


L 
LOW voltage 
level 
I 
LOW voltage 
level one set·up 
time 
prior 
to the 
LOW-to-H 
IGH 
CP transition 


q 
= lower 
case letters 
indicate 
the state of the referenced 
output 
one set-up time 
prior 


to the LOW-to-H 
IGH 
CP transition 


X = don't 
care 


t 
= LOW-to-H 
IGH 
CP transition 


A LOW 
level at the master 
reset input 
(MRI 
sets all four 
outputs 
of the flip-flops 
(00 
to Q3) to 
LOW 
level after 
the next 


positive-going 
transition 
on the clock 
(ep) 
input 
(provided 
that 
the set-up 
and hold 


time 
requirements 
for iiifR are met). 
This 


action 
occurs 
regardless 
of the 
levels at PE, 


CET 
and CEP inputs. 


This 
synchronous 
reset feature 
enables 
the 
designer 
to modify 
the maximum 
count 
with 
only 
one external 
NAND 
gate. 


The 
look-ahead 
carry 
simplifies 
serial 
cascading 
of the counters. 
Both 
count 


enable 
inputs 
(CEP and CET) 
must 
be 


HIGH 
to count. 
The CET 
input 
is fed 
forward 
to enable 
the terminal 
count 


output 
(TC). 
The TC output 
thus enabled 


will 
produce 
a HIGH 
output 
pulse 
of a 


duration 
approximately 
equal 
to a H IG H 


level output 
of QO. This 
pulse can be used 
to enable the next cascaded stage. 


The 
maximum 
clock 
frequency 
for 
the 
cascaded 
counters 
is determined 
by the CP 
to TC propagation 
delay 
and CEP 


to CP set·up 
time, 
according 
to the 
following 
formula: 


fmax = 


1 


tP(max) 
(CP to TC) + tsu 
(CEP to CP) 


74HC/HCT163 


MSI 


MR~PE-+u 


DO 
I 
-~I------- 


I 
I 
I 


e, 


CEP 
I In 
~I 
_ 


CET 
I Irl 
i 


~;~==I 
========== 
12 
13 
14 
15 
0 
1 
21 
I 
!-coum-- 
mi'libil 
_ 
preset 


7293628 


Fig. 6 
Typical 
timing 
sequence: 
reset outputs 
to zero; preset to 
binary 
twelve; 
count 
to thirteen, 
fourteen, 
fifteen, 
zero, 
one and 
two; 
inhibit. 
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MSI l 
_ 


Output 
capability: 
standard 


ICC category: 
MS I 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to+85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation 
delay 
55 
185 
230 
280 
2.0 
20 
37 
46 
56 
ns 
4.5 
Fig.8 
tpLH 
CP to Qn 
16 
31 
39 
48 
6.0 


tPHLI 
propagation 
delay 
69 
215 
270 
320 
2.0 
25 
43 
54 
65 
ns 
4.5 
Fig. 8 
tPLH 
CP to TC 
20 
37 
46 
55 
6.0 


tPHLI 
I propagation 
delay 
36 
120 
150 
180 
2.0 
13 
24 
30 
36 
ns 
4.5 
Fig. 9 
tpLH 
CET to TC 
10 
20 
26 
31 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 8 and 9 


tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
17 
100 
120 
2.0 
tw 
16 
6 
20 
24 
ns 
4.5 
Fig.8 
HIGH or LOW 
14 
5 
17 
20 
6.0 


set-up time 
80 
17 
100 
120 
2.0 


tsu 
MR. On to CP 
16 
6 
20 
24 
ns 
4.5 
Figs 10 and 11 


14 
5 
17 
20 
6.0 


set·up time 
80 
22 
100 
120 
2.0 


tsu 
PE to CP 
16 
8 
20 
24 
ns 
4.5 
Fig. 10 
14 
6 
17 
20 
6.0 


I set-up time 
175 
58 
220 
265 
2.0 
tsu 
35 
21 
44 
53 
ns 
4.5 
Fig. 12 
CEP. CET to CP 
30 
17 
37 
45 
6.0 


hold time 
0 


1=r1 


0 
0 
2.0 


th 
On. PE, CEP. 
0 
0 
0 
ns 
4.5 
Figs 10. 11 and 12 
CET. MR to CP 
0 
0 
0 
6.0 


maximum 
clock 
pulse 
5 
15 
4 
4 
2.0 
fmax 
27 
46 
22 
18 
MHz 
4.5 
Fig. 8 
frequency 
32 
55 
26 
21 
6.0 
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74HC/HCT163 


MSI 


Output capability: 
standard 


ICC category: MSI 


Note to HCT types 
The value of additional 
quiescent supply current (II ICCI for a unit load of 1 is given in the family specifications. 


To determine 
~ICC per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


MR 
0.95 
CP 
1.10 
CEP 
0.25 


INPUT 
UNIT LOAD 
COEFFICIENT 


On 
0.25 
CET 
0.75 


?E 
0.30 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max·l 
min. 
max. 
min. 
max. 


tPHLI 
I 


propagation delay 


I 


23 I 


39 
49 
59 
I ns 
4.5 
Fig.8 


tPLH 
CP to On 


tPHLI 
I 


propagation delay 
29 
49 
61 
74 
ns 
4.5 
Fig.8 


tPLH 
CP to TC 


tPHLI 
propagation 
delay 


I 


17 I 


32 
44 
48 
ns 


14.5 
Fig.9 


tpLH 
CET to TC 


tTHL! 
I 


output 
transition 
time 
7 I 


15 
19 
22 


I 


ns 
4.5 
Figs 8 and 9 


tTLH 


tw 
clock pulse width 
20 
6 
25 
30 


I 
I 


ns 


14.5 
Fig.8 
HIGH or LOW 


tsu 


set·up time 
20 
9 
25 
30 
ns 
4.5 
Figs 10 and 11 
MR. On to CP 


tsu 


set-up 
time 


I 


20 
11 
25 
30 
ns 
4.5 
Fig. 10 
?E to CP 


tsu 
set-up 
time 
40 
24 
50 
60 
ns 
4.5 
Fig. 12 
CEP. CET to CP 


hold time 
-51 
th 
On. ?E. CEP. 
0 
0 
0 
ns 
4.5 
Figs 10. 11 and 12 
CET. MR to CP 


fmax 
maximum 
clock 
pulse 
26 
45 
21 
17 
MHz 
4.5 
Fig.8 
frequency 


l 
_ 


74HC/HCT163 


MSI 


_lI,mU=f=\- 


VMlll 
_'w_1 
-'"}", 
-'''''l 


'THL- 
-L 


Fig. 8 Waveforms 
showing 
the clock 
(CPI to outputs 
(Qn. TCI 
propagation 
delays, 
the clock 
pulse width, 
the output 
transition 


times 
and the maximum 
clock 
frequency. 


Fig. 10 Waveforms 
showing 
the set-up and hold 
times 
for the 


input 
(Dn) and parallel 
enable input (PEl. 


CETINPUT-4~~~~H~__ 
L"'l_'THL 


TC OUTPUT 
VMPI 


. 


1Z93622 
-- 
-ITLH 


r 
Note to Figs 10, 11 and 12 


The shaded areas indicate 
when 
the input 
is permitted 
to 
change 
for predictable 
output 
performance. 


Note to AC waveforms 


(1 I HC 
VM = 50%; VI = GND 
to VCC' 


HCT: 
VM 
= 1.3 V; VI = GND 
to 3 V. 


APPLICATION 
INFORMATION 


The HC/HCT163 facilitate designing counters of any modulus with minimal external logic. 
The output is glitch-free due to the synchronous reset. 
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74HC/HCT164 


MSI 


• 
Gated 
serial data 
inputs 


• 
Asynchronous 
master reset 
• 
Output 
capabil ity: standard 
• 
ICC category: 
MSI 


The 74HC/HCT164 
are high-speed 
5i-gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL (L5TTLL 
They are specified 
in 
compliance 
with JEDEC standard 
no. 7A. 


The 74HC/HCT164 
are 8-bit edge- 
triggered 
shift registers with serial data 
entry 
and an output 
from each of the 
eight stages. 
Data 
is entered 
serially 
through 
one of 
two inputs 
(Dsa or Dsb); either 
input 


can be used as an active 
HIGH 
enabll~for 


data entry 
through 
the other 
input. 


Both inputs must be connected 
together 
or an unused 
input 
must be tied 
HIGH. 


Data shifts one place to the right on 
each LOW-to-H IGH transition 
of the 


clock (CP) input and enters 
into 00, 


which is the logical AND of the two data 
inputs 
(D5O, 
Dsb) that existed 
one set-up 
time 
prior 
to the rising clock 
edge. 


A LOW level on the master reset (MR) 
input 
overrides 
all other 
inputs 
and clears 
the register 
asynchronously, 
forcing 
all 
outputs 
LOW. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 


propagation 
delay 
CP to Qn 
12 
14 
ns 
tpLH 
MR to Qn 
CL=15pF 
11 
16 
ns 
VCC = 5 V 


fmax 
maximum 
clock 
frequency 
78 
61 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


povver 
dissipation 
notes 1 and 2 
40 
40 
pF 
capacitance 
per package 


GND = a V; Tamb = 25°C; 
tr = tf = 6 ns 


Notes 


1. CPD is used to detennine 
the dynamic 
power dissipation 
(PD in IlW): 


PD = CPD x VCC' 
x fi + ~ ICL x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo = output 
frequency 
in MHz 
VCC 
= supply voltage in V 
1: ICL X VCC' 
x fo1 = sum of outputs 
2_ For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


14-lead DI L: plastic ISDT27) 
14-lead mini pack: plastic IS014; SOT108A) 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,2 
Dsa, Dsb 
data inputs 


3,4,5,6, 
Qoto 
Q7 
outputs 
10,11,12,13 


7 
GND 
ground 
(0 V) 


8 
CP 
clock input (LOW-to-H IGH, edge-triggered) 


9 
MR 
master reset input 
(active LOW) 


14 
VCC 
positive 
supply 
voltage 


°0 
'~ 
0, 
2 
Dsb 


0, 
a, 
a, 
10 
c, 
Os 
II 


0, 
" 
MR 
a, 
13 
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_ 


OPERATING 
MODES I 


INPUTS 
OUTPUTS 


MR 
CP 
Dsa 
Dsb 
00 
0,- 
07 


reset (clearl 
I L 
X 
X 
X 
L 
L 
-L 


I~ 


t 
I 
I 
L 
qo - 
q6 


shift 
t 
I 
h 
L 
qo - 
q6 


t 
h 
I 
L 
qo -% 


t 
h 
h 
H 
qo- 
% 


H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH 


clock 
transition 


L = LOW voltage level 
I 
LOW voltage level one set-up time prior to the LOW-to-HIGH 
clock 
transition 


q 
lower case letters indicate the state of the referenced 
input 
one set-up time 
prior 
to the 
LOW-to-HIGH 
clock 
transition 
LOW-to-H IGH clock transition 
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74HC/HCT164 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
standard 


ICC category: 
MSI 


Tamb (OC) 
TEST CONOITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHll 
propagation 
delay 
41 
170 
215 
255 
2.0 
15 
34 
43 
51 
ns 
4.5 
Fig. 6 


tplH 
CP to Qn 
12 
29 
37 
43 
6.0 


tpHl 
propagation 
delay 
39 
140 
175 
210 
2.0 


MR to Qn 
14 
28 
35 
42 
ns 
4.5 
Fig. 7 
11 
24 
30 
36 
6.0 


tTHll 
19 
75 
95 
110 


1 
2 
. 
0 


output 
transition 
ti me 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 


tTlH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
14 
100 I 
120 
2.0 


tw 
16 
5 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or lOW 
14 
4 
17 
20 
6.0 


master reset pulse 
60 
17 
75 
90 
2.0 


tw 
12 
6 
15 
18 
ns 
4.5 
Fig. 7 
width; 
lOW 
10 
5 
13 
15 
6.0 


I 


removal 
time 
60 
17 


I 


75 
90 
2.0 


trem 
MR to CP 
12 
6 
15 
18 
ns 
4.5 
Fig. 7 


10 
5 
13 
15 
6.0 


set·up time 
60 
8 


I 


75 
90 
2.0 


tsu 
Dsa• 0sb to CP 
12 
3 
15 
18 
ns 
4.5 
Fig. 8 


10 
2 
13 
15 
6.0 


hold time 
4 
-6 


I 


4 
4 
2.0 


th 
Dsa• 0sb to CP 
4 
-2 
4 
4 
ns 
4.5 
Fig. 8 


4 
-2 
4 
4 
6.0 


maximum 
clock 
pulse 
6 
23 
5 
4 
2.0 
fmax 
30 
71 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
85 
28 
24 
6.0 


74HC!HCT164 


MSI l 
_ 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output capability: 
standard 


ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(ldCC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table below. 


UNIT LOAD 
COEFFICIENT 


0.25 
0.60 
0.90 


Dsa.Dsb 
CP 
MR 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V;tr= 
tf 
= 6 ns;CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40to 
+85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 


I 


17 
36 
45 


I 


54 
ns 
4.5 I 


Fig. 6 
tPLH 
CP to Qn 


tpHL 


I 


propagation 
delay 
19 
38 
48 
57 
ns 
4.5 
Fig. 7 
MR to Qn 


tTHLI 


I 


output 
transition 
time 
7 
15 
19 
22 
ns 


14.5 
Fig. 6 
tTLH 


tw 
clock pulse width 
18 I 


7 
23 
27 


I 
I ns 
4.5 
Fig. 6 
HIGH or LOW 


tw 
I 


master 
reset pulse 
18 


I 


10 
23 


1 
27 
ns 
4.5 
Fig. 7 
width; 
LOW 


I 
removal 
ti me 
7 
I 


1 


Fig. 7 
trem 
MR to CP 
16 


I 


20 
24 
ns 
4.5 


tsu 
I 


set-up 
time 
12 


1 
6 
15 
18 I 


ns 


I 


4.5 
Fig. 8 
Dsa• Dsb to CP 


th 
hold time 
4 
-2 
4 
4 


I 


ns 
4.5 
Fig.8 
Dsa, Dsb to CP 


fmax 


maximum 
clock 
pulse 
27 
55 
22 
18 
MHz 
4.5 
Fig. 6 
frequency 
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Fig. 6 Waveforms showing the clock ICP) to 
output IOn) propagation delays, the clock 
pulse width, 
the output 
transition 
times and 


the maximum 
clock 
frequency. 


Fig. 7 Waveformsshowing the master reset 
(MR) pulse width, the master resetto output 
(Onl propagation delays and the master reset 
to clock (CPI removal time. 


Note to AC waveforms 


(11 HC 
VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to:J V. 
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74HC/HCT165 


MSI 


• 
Asynchronous 
8-bit 
parallel 
load 


• 
Synchronous 
serial 
input 


• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT165 
are high·speed 
Si-gate 
CMOS devices and are pin 
compatible 
with 
low power 
Schottky 
TTL 
I LSTTL). 
They 
are specified 
in 


compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT165 
are S·bit 
parallel· 


load or serial-in 
shift 
registers with 
,,-omplementary 
serial outputs 
(Q7 and 
Q7) available 
from 
the last stage. When 
the parallel 
load (PL) 
input 
is LOW, 
parallel 
data from 
the DO to D7 inputs 
are loaded 
into 
the register 
asynchronously. 


When PI is HIGH, 
data enters 
the 
register 
serially 
at the Os input and shifts 
one place to the right 
(QO ~ Q1 - 
Q2, 


etc.) 
with 
each positive·going 
clock 
transition. 
This feature 
allows 
parallel-to- 
serial converter 
expansion 
by tying 
t""le 
Q7 output 
to the Ds input 
of the 
succeeding stage. 


The 
clock 
input 
is a gated·OR 
structure 


which 
allows 
one input 
to be used as an 


active 
LOW clock 
enable 
(CE) input. 
The pin assignment 
for 
the CP and CE 
inputs 
is arbitrary 
and can be reversed 
for layout 
convenience. 
The 
LOW-to- 


HIGH 
transition 
of input 
CE should 
only 
take 
place while 
CP HIGH 
for 
predictable 
operation. 
Either the CP or the cr should 
be HIGH 
before 
the LOW-to-HIGH 
transition 
0 f PC to prevent shifting the 
data when 
PC is activated. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


propagation 
delay 


tPHLI 
CP to Q7, 07 
16 
14 
ns 


tpLH 
PI to Q7, 07 
CL = 15pF 
15 
17 
ns 


D7 to Q7, 07 
VCC = 5 V 
11 
11 
ns 


fmax 
maximum clock frequency 
56 
4S 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 
1 and 2 
35 
35 
pF 
capacitance 
per package 


Notes 


1. 
CPD is used to determine 
the dynamic 
power 
dissipation 
(PD in I'W): 


PD = CPD x VCC' 
x fi + ~ (CL x VCC' 
x fo) 
where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo 
= 
output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 


E (CL 
x VCC' 
x fo) = sum of outputs 


2. 
For 
HC 
the condition 
is VI 
= GND 
to VCC 
For 
HCT 
the condition 
is VI = GND 
to VCC 
-1.5 
V 


PACKAGE 
OUTLINES 


, 6·lead 
DI L: plastic 
(S0T38Zl. 


16-1ead mini-pack; 
plastic (S016; 
SOT109A). 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
PL 
asynchronous 
parallel 
load input 
(active 
LOW) 


7 
07 
complementary 
output 
from 
the last stage 


9 
Q7 
serial 
output 
from 
the last stage 


2 
CP 
clock 
input 
(LOW-to·HIGH 
edge·triggered) 
8 
GND 
ground 
(0 V) 


10 
Ds 
serial data input 


11,12,13,14, 
DO to D7 
parallel 
data inputs 
3,4,5,6 


15 
IT 
clock 
enable 
input 
(active 
LOW) 


16 
VCC 
positive 
supply 
voltage 


1'0 
0, 


11 
00 


12 
0, 


13 
0, 


14 
0, 


0, 


Os 
D. 
0, 
0, 


0, 


PL 
c, 
c, 


I, I. 


7Z61854 


Fig. 2 
Logic symbol. 


SRGS 
GllSHIFTl 


C2 
(LOADI 


15 
~', C3/- 


'0 
'A 
'0 


12 
'0 


13 


14 


9, 


1281855 


74HC/HCT165 


MSI l 
- 


OPERATING MODES 
INPUTS 
On REGISTERS 
OUTPUTS 


PL 
CE 
CP 
Os 
00-07 
00 
0,-°6 
°7 
07 


parallel load 
L 
X 
X 
X 
L 
L 
L - L 
L 
H 
L 
X 
X 
X 
H 
H 
H-H 
H 
L 


serial shift 
H 
L 
t 
I 
X 
L 
qO-q5 
q6 
<16 


H 
L 
t 
h 
X 
H 
qo-% 
q6 
<16 


hold "do nothing" 
H 
H 
X 
X 
X 
qo 
q,-% 
q7 
q7 


H = HIGH voltage level 
h = HIGH voltage level one set-up time 


prior to the LOW-to-H IGH clock 
transition 
L = LOW voltage level 
I = LOW voltage level one set-up time 


prior to the LOW-to-HIGH clock 
transition 


q = lower caseletters indicate the state 


of the referenced output one set-up 
time prior to the LOW-to-HIGH 
clock 
transition 


X = don't care 
t = LOW·to·HIGH clock transition 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
lee category: MSI 


35' 
D~'mb" 
1990"I( 
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_ar_a_I_le_I_-i_n_/s_e_r_ia_I_-o_u_t_st._1 i_f_t_r_e 
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74HC/HCT165 


MSI 


Tamb (OC) 
TEST CONOITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
52 
165 
205 
250 
2.0 


19 
33 
41 
50 
ns 
4.5 
Fig.6 
tPLH 
CE. CP to 07, 07 
15 
28 
35 
43 
6.0 


tPHLI 
propagation 
delay 
50 
165 
205 
250 
2.0 
18 
33 
41 
50 
ns 
4.5 
Fig. 7 
tPLH 
PC to 07, 07 
14 
28 
35 
43 
6.0 


tPHLI 
propagation 
delay 
36 
120 
150 
180 
2.0 


tPLH 
07 to 07. 07 
13 
24 
30 
36 
ns 
4.5 
Fig. 8 
10 
20 
26 
31 
6.0 


tTHLI 
I output 
transition 
time 
19 
75 
95 
110 
2.0 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
17 
100 
120 
2.0 
tIN 
16 
6 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 
14 
5 
17 
20 
6.0 


I 


parallel load pulse 


I 


80 
14 
100 
120 
2.0 
tw 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 
width; 
LOW 
14 
4 
17 
20 
6.0 


I 


removal 
time 
100 
22 
125 
150 


I 


2.0 
trem 
PC to CP. CE 
20 
8 
25 
30 
ns 
4.5 
Fig. 7 
17 
6 
21 
26 
6.0 


set-up time 
80 
11 
100 
120 
2.0 
tsu 
16 
4 
20 
24 
ns 
4.5 
Fig. 9 
Os to CP. CE 
14 
3 
17 
20 
6.0 


I 


set-up time 
80 
17 
100 
120 
2.0 
tsu 
CE to CP; CP to CE 
16 
6 
20 
24 
ns 
4.5 
Fig. 9 


14 
5 
17 
20 
6.0 


set-up time 
80 
22 
100 
120 
2.0 
tsu 
On to PC 
16 
8 
20 
24 
ns 
4.5 
Fig. 10 


14 
6 
17 
20 
6.0 


hold time 
5 
6 
5 
5 
2.0 


th 
Os to g:, CE 
5 
2 
5 
5 
ns 
4.5 
Fig. 9 
On to PL 
5 
2 
5 
5 
6.0 


hold time 
5 
-17 
5 
5 
2.0 
th 
a toCP 
5 
-6 
5 
5 
ns 
4.5 
Fig.9 
CP to CE 
5 
-5 
5 
5 
6.0 


maximum 
clock 
pulse 
6 
17 
5 
4 
2.0 
fmax 
frequency 
30 
51 
24 
20 
MHz 
4.5 
Fig. 6 
35 
61 
28 
24 
6.0 


74HC/HCT165 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output 
capability: 
standard 
lee category: 
MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(tdCC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


I 
I 


UNIT LOAD 
INPUT 
COEFFICIENT 


Dn 
0.35 
Ds 
0.35 
ep 
0.65 


CE 
0.65 
PC 
0.65 


M"oh 19881 ( 


8-bit parallel-in/serial-out 
shift register 
J 
---- 


74HC/HCT165 


MSI 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
17 
34 
43 
51 
ns 
4.5 
Fig. 6 
tpLH 
CE, CP to 07, 07 


tpHL/ 
propagation delay 
20 
40 
50 
60 
ns 
4.5 
Fig. 7 
tpLH 
PL to 07,07 


tPHL/ 
propagation delay 
14 
28 
35 
42 
ns 
4.5 
Fig, 8 


tPLH 
07 to 07, 07 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 


tTLH 


tw 
clock pulse width 
16 
6 
20 
24 
ns 
4.5 
Fig.6 
HIGH or LOW 


tw 
parallel load pulse 


I 


20 
9 
25 
30 
ns 
4.5 
Fig. 7 
width; 
LOW 


trem 
I 


removal 
time 
20 
8 
25 
30 
ns 
4.5 
Fig. 7 
I'l to CP, CE 


Isu 
set-up time 
20 
2 
25 
30 
ns 
4.5 
Fig. 9 
Os to CP, CE 


tsu 
set-up time 
20 
7 
25 
30 
ns 
4.5 
Fig. 9 
CE to CP; CP to CE 


tsu 
set-up time 
20 
10 


I 


25 
30 
ns 
4.5 
Fig. 10 
On to PC 


th 
hold time 
7 
-1 
9 
11 
ns 
4.5 
Fig. 9 
Osto CP,CE; Dn to PC 


th 
hold time 
0 
-7 
0 
0 
ns 
4.5 
Fig. 9 
CE to CP, CP to CE 


fmax 
maximum 
clock 
pulse 
26 
44 
21 
17 
MHz 
4.5 
Fig. 6 
frequency 


74HC/HCT165 


MSI 
l 
_ 


n--n 


~ 


-'PHL~' 
I_'PLH-: 


I 
v 
111 


""'50 
_i I_~'THL 
_I 
_ 'TLH 


Fig. 6 
Waveforms 
showing 
the clock 
(CP) to 


output 
(07 or (7) 
propagation 
delays, 
the clock 
pulse width, the output transition times and the 
maximum 
clock 
frequency. 


Fig. 7 Waveforms 
showing 
the parallel 
load (pD 


pulse width, 
the parallel 
load to output 
(07 or (7) 
propagation 
delays, the parallel 
load to clock 
(CPI 
and clock 
enable (CEI 
removal 
time. 


'PLH-I 
Ir=--=H-'PHL 


C70UTPUT 
~VMll) 
IL 


IPHL-1 


Fig. 8 
Waveforms 
showing 
the data input 
(On) 
to output 
(07 or (7) 
propagation 
delays when 
PL is LOW. 


Fig. 9 Waveforms 
showing 
the set-up and hold times 
from 
the seria!..iata 
input 
(Os) to the clock 
(CP) and 
clock 
enable (CEI 
inputs, 
from 
the clock 
enable 
input 


(GE) to the clock 
input 
(CP) and from 
the clock 
input 
(CPI to the clock 
enable 
input 
(CE). 


i_,",",,_ -rJ- 


~ 


-~ 
v 
III 


M 
lZ81860./ 


Note to Fig_ 9 


CE may change only 
from 
H IGH-to-LOW 
while 
CP is LOW. 


The shaded areas indicate when the input is 
permitted 
to change for predictable 
output 
performance. 


Note to Figs 6 and 7 


The changing 
to output 
assumes internal 
06 
opposite 
state from 07. 


Fig. 
10 Waveforms 
showing 
the set-up and hold 
times 
from 
the data inputs 
(Dnlto 
the parallel 
load input 


(I'll. 


Note to AC waveforms 


(1) 
HC 
VM = 50%; VI = GND to VCC 


HCT: 
VM = 1.3V; 
VI = GND to 3V. 
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74HC/HCT166 


MSI 


• 
Synchronous 
parallel-ta-serial 


applications 
• 
Synchronous 
serial data input for 


easy expansion 
• 
Clock enable for "do nothing" 
mode 
• 
Asynchronous 
master reset 
• 
For asynchronous 
parallel data load 


see"165" 


• 
Output capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT166 are high-speed 
si-gate CMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LsTTL). They are specified in 
compliancewithJEDEC 
standardno. 7A. 


The 74HC/HCT166 are 8·bit shift 
registers which 
have a fully 
synchronous 


serial or parallel data entry selectedby 
an active lOW parallel enable (1'1:) input. 
When ~ 
is LOW one set-up time prior 


to the LOW-ta-HIGH clock transition, 
parallel data is entered into the register. 
When PE is HIGH, data is entered into 
the internal 
bit position 
00 
from 
serial 


data input (Ds!. and the remaining bits 
are shifted one place to the right 
(QO...•Q1 ...•Q2, etc.) with eachpositive- 
going clock 
transition. 
This feature allows parallel-ta-serial 
converter expansion by tying the Q7 
output to the Ds input of the succeeoing 
stage. 


The clock input is a gated-ORstructure 
which allows one input to 
be usedasan 


active lOW clock enable (CE) input. 
The pin assignmentfor the CPand CE 
inputs 
is arbitrary 
and can be reversed 


for layout convenience. The LOW-to- 
HIGH transition of input CE should only 
take placewhile CP is HIGH for 
predictable operation. A LOW on the 
master reset (MR) input overridesall 
other inputs and clears the register 
asynchronously, forcing all bit positions 
to a lOW state. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 


propagation delay 
CPto Q7 
CL=15pF 
15 
20 
ns 
tPLH 
MR toQ7 
VCC = 5 V 
14 
19 
ns 


fmax 
I maximum 
clock 
frequency 
63 
50 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 1 and 2 
41 
41 
pF 
capacitance 
per package 


GND = a v; Tamb = 25°C; tr = tf = 6 ns 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in /lW): 


PD = CPD x VCC' x fi + l: (CL x VCC' x fol where: 


Ii 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 
l: (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 
I 6·lead 
DI L; plastic 
IS0T38ZI. 


16·lead 
mini-pack; 
plastic 
ISOt6; 
SOT109AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
Ds 
serial data input 


2,3,4,5, 
10, 
DOto D7 
parallel data inputs 
11,12,14 
6 
CE 
clock enable input (active LOW) 


7 
CP 
clock input (LOW-to-HIGH edge-triggered) 
8 
GND 
ground (0 VI 
9 
MR 
asynchronous master reset input (active LOW) 


13 
°7 
serial output from the last stage 


15 
PE 
parallel enable input (active LOW) 
16 
VCC 
positive supply voltage 


I 
I 


15 


I 


PE 
0, 


I 
00 


I 


0, 


02 


I 


0, 


I 


10 
D. 
Os 


12 
O. 


Q, 


0, 
" 
" 


• 


SRG8 
, 
~1 
C 1/2-- 


15 
M2 


9 
R 


2,10 


2.10 


2.10 


5 


10 


11 


12 


14 
" 


74HC/HCT166 


MSI l 
_ 


INPUTS 
Qn REGISTER 
OUTPUT 


OPERATING 
MODES 


Q1-Q6 
Q7 
PE 
CE 
CP Os 00-07 
00 


I 
I 
t I~ 


I 
-I 
L 
L - L 
L 
parallel load 
I 
I 
t 
h - h 
H 
H -H 
H 


h 
I 
t 
I 
x-x 
L 
qo- 
Q5 
q6 
serial shift 
h 
I 
t 
h 
X-X 
H 
qO-Q5 
Q6 


hold "do nothing" 
X 
h 
X 
X 
X-X 
qo 
ql- 
Q6 
q7 


H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to 
the LOW-to-HIGH 
CP transition 


L = LOW voltage level 
I = LOW voltage level one set-up time prior to 
the LOW-to-HIGH 
CP transition 
q = lower case letters indicate the ~tate o~ the 


referenced 
output 
one set-up time 
prior 
to 


the LOW-to-H IGH CP transition 
X = don't 
care 
t = LOW-to-H IGH CP transition 
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74HC/HCT166 


MSI 


MODE 
CONTROL 


INPUTS 


CP 


ee --'~~I 
~_~.---, __ 
I 
_ 


~~ 
I 
Ii 
SHIFT/l~~--~L1 
I' 'I 
LOAD 


DO -----~r;;T111 


0, 
I 
L 
I I 


:: 
i 
1=l~I 
- 


:: 
: I 
I 
':T 
II 


0, 
I I 
I 
~ 
I I 
::-.H-----l,-1 iIIH!H~ 


-~:·I-,,-I====-=-=--=--"'-'-"-""-h -- 
+1 '""'bl, _1_-- 
serlill 
shift 
I 


lood 


74HC/HCT166 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
Vcc 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. I 


tPHL/ 
propagation 
delay 
50 
150 
190 
225 
2.0 
18 
30 
38 
45 
ns 
4.5 
Fig. 7 
tPLH 
CP to 07 
14 
26 
33 
38 
6.0 


propagation 
delay 
47 
160 
200 


I 
I 


240 
2.0 
tpHL 
17 
32 
40 
48 
ns 
4.5 
Fig. 8 
MR to 07 
14 
27 
34 
41 
6.0 


I 
I 


I 


I 


110 
2.0 
tTHL/ 
19 
75 
95 


I 


output 
transition 
time 
7 
15 
19 I 


22 
ns 
4.5 
Fig. 7 
tTLH 
6 
13 
16 
19 
6.0 


I 


clock pulse width 
80 
17 
100 


I 
I 


120 


I ns 


2.0 I Fig. 7 


I 


tw 
16 
6 
20 
24 
4.5 
HIGH or LOW 
14 
5 
17 
20 
6.0 


master 
reset 
pu Ise width 
100 
25 
125 
150 
2.0 
tw 
20 
9 
25 
30 
ns 
4.5 
Fig.8 
LOW 
17 
7 
21 
26 
6.0 


removal 
time 
0 
-19 
0 
0 


I ns 


2.0 


I 


trem 
l'iinito CP 
0 
-7 
0 
0 
4.5 
Fig. 8 
0 
-6 
0 
0 
6.0 


80 
14 
100 
120 
I 


I 


2.0 


tsu 
set-up time 
16 
5 
20 
24 


I 


ns 
4.5 
Fig. 9 
On. CE to CP 
14 
4 
17 
20 
6.0 


100 
33 
125 
150 


I 


2.0 


tsu 
set·up time 
20 
12 
25 
30 
ns 
4.5 
Fig. 8 
PE to CP 
17 
10 
21 
26 
6.0 


hold time 
2 
-8 
2 
2 


I ns 


2.0 
th 
On. CE to CP 
2 
-3 
2 
2 
4.5 
Fig.8 


2 
-2 
2 
2 
6.0 


hold time 
0 
-28 
0 
0 
2.0 


th 
PE to CP 
0 
-10 
0 
0 
ns 
4.5 
Fig.9 
0 
-8 
0 
0 
6.0 


6.0 
19 
4.8 
4.0 
2.0 


I 


fmax 


maximum 
clock 
pulse 
30 
57 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 
35 
68 
28 
24 
6.0 


74HC/HCT166 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output 
capability: 
standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(l~Ice) for a unit 
load of 1 is given in the family 
specifications. 
To determine 
6lCC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


UNIT LOAD 
COEFFICIENT 


0.35 
0.35 
0.80 
0.80 
0.40 
0.60 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typ·1 max·l 
min. 
max. 
min. 
max. 


tpHLI 
I 


propagation delay 


I 


23 
40 I 
I 


50 
60 
ns 
4.5 I 


Fig. 7 
tpLH 
CP to Q7 


I 
propagation delay 


I 
I 


tpHL 
MR to Q7 
22 
40 
50 
60 
ns 
4.5 
Fig. 8 


tTHLI 
output 
transition 
time 
7 
15 
I 


19 


I 


22 


I 


ns 
4.5 
Fig. 7 


tTLH 


tw 
I 


clock pulse width 
20 
9 
25 
30 
ns 
4.5 
Fig. 7 
HIGH or LOW 


tw 
I 


master 
reset 
pulse 
width 
25 
11 
31 
38 
ns 
4.5 
t 
Fig. 8 
LOW 
i 


trem 
removal 
time 
0 
-7 
0 
0 
ns 
4.5 


I 


Fig. 8 
IV1R to CP 


set·up time 
I 


tsu 
Dn, IT to CP 
16 
8 
20 
24 
ns 
4.5 


I 


Fig. 9 


tsu 


set-up time 
30 
15 
38 
45 
ns 
4.5 
Fig. 8 
PE to CP 


th 
hold time 
0 
-3 
0 
0 
4.5 
Fig. 9 
Dn, ce: to CP 
ns 


th 
I 


hold time 
0 
-13 
0 
0 
4.5 
Fig. 9 
PE to CP 
ns 


fmax 
maximum clock pulse 
25 
45 
20 
17 
MHz 
4.5 
Fig. 7 
width 


l 
_ 


74HC/HCT166 


MSI 


Fig. 7 Waveforms showing 
the clock (CP) to 


output 
(071 propagation 
delays, the clock 
pulse width, 
the output 
transition 
times and 
the maximum 
clock 
frequency. 


Fig. 8 Waveforms 
showing 
the master reset (MRI 
pulse width, 
the master 
reset to output 
(07) 
propagation 
delay and the master reset to clock 
(CP) removal time. 


I 
I 
0" 
,NPUT 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


Fig. g Waveforms 
showing the set-up and 
hold times from the serial data input 
(Dsl. 


the data inputs 
(Dnl, the clock enable 
input (LOW CEl. the clock enable input 
CE and the parallel enable input to the 
clock (CPl. 


Note to Fig. 7 


The changing 
to output 
assumes internal 
06 opposite 
state from 07. 


Note to Figs 7, 8 and g 


The number 
of clock pulses required 
between 
the tpLH and tPH L 
measurements can be determined from 
the function 
table. 


Note to Fig. 9 


CE may change only from HIGH-to-LOW 
while CP is LOW. 


The shaded 
areas indicate 
when the input 
is permitted 
to change for predictable 
output 
performance. 
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74HC/HCT173 


MSI 


FEATURES 


• 
Gated 
input 
enable 
for 
hold 
(do 


nothing) 
mode 


• 
Gated 
output 
enable 
control 


• 
Edge-triggered 
D-type 
register 
• 
Asynchronous 
master reset 


• 
Output 
capability: 
bus driver 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT173 
are high-speed 
5i-gate 
CMOS devices and are pin 
compatible 
with 
[ow power 
Schottky 


TTL 
(LSTTLI. 
They 
are specified 
in 
compliance 
with 
JE OEC standard 
no. 7A. 


The 74HC/HCT173 
are 4-bit 
parallel 
load registers with 
clock 
enable control, 
3-state 
buffered 
outputs 
(QO to Q3) and 
master 
reset (M R). 


When 
the two 
data enable 
inputs 
(E 1 and 
E2) are LOW, 
the data on the On inputs 
is 


loaded 
into 
the register synchronously 


with 
the 
LOW-to-HIGH 
clock 
(CPI 


transition. 
When 
one or both E"n inputs 


are HIGH 
one set-up 
time 
prior to the 
LOW-to-HIGH 
clock 
transition, 
the 
register 
will 
retain 
the previous data. 
Data 
inputs 
and clock 
enable 
inputs are fully 
edge-triggered 
and 
must 
be stable 
only 


one set-up 
time 
prior 
to the LQW-to-H 
IGH 


clock 
transition. 


The 
master 
reset 
input 
(MR) 
is an active 
HIGH 
asynchronous 
input. 
When 
MR is 


HIGH, 
all four 
flip-flops 
are reset (cleared) 


independently 
of any other 
input 
condition. 


The 
3-state 
output 
buffers 
are controlled 


by a 2-input 
NOR 
gate. When both 
output 


enable 
inputs 
(OE 1 and OE2) are LOW, 
the data 
in the register 
is presented 
to the 
Qn outputs. 
When 
one or both OEn 
inputs 
are HIGH, 
the outputs 
are forced 
toa 
high 
impedance 
OFF-state. 
The 3·state 
output 
buffers 
are completely 
independent 
of the 


register 
operation; 
the OEn transition 
does 
not affect 
the clock 
and reset operations. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


He 
HCT 


tPHLI 


propagation 
delay 
CP to Qn 
17 
17 
ns 


tpLH 
MR to Qn 
CL= 
15 pF 
13 
17 
ns 


VCC = 5 V 


fmax 
maximum 
clock 
frequency 
88 
88 
MHz 


CI 
input 
capacitance 
3.5 
3.5 


I 


pF 


CPO 
power 
dissipation 
notes 
1 and 2 
20 
20 
pF 
capacitance 
per flip-flop 


GNO = 0 V; Tamb 
= 25°C; 
tr = tf = 6 ns 


Notes 


1. CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in !-LW): 


Po = CPO x VCC' 
x fi + ~ ICL 
x VCC' 
x fol 
where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa 
= 
output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 
I (CL x VCC' 
x fa) = sum of outputs 


2. 
For 
HC 
the condition 
is VI 
= GNO 
to VCC 


For 
HCT 
the condition 
is VI = GNO 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DI L: plastic 
IS0T38ZI. 


16·1eadmini-pack; plastic (S016; 
SOT109AL 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,2 
OE1, 
OE2 
output 
enable 
input 
(active 
LOW) 


3,4,5,6 
QO toQ3 
3-state 
flip-flop 
outputs 


7 
CP 
clock 
input 
(LOW-to-HIGH, 
edge-triggered) 


8 
GNO 
ground 
(0 V) 


9,10 
E1' E2 
data enable 
inputs 
(active 
LOW) 


14,13,12,11 
DO to 03 
data inputs 


15 
MR 
asynchronous 
master 
reset (active 
HIGH) 


16 
VCC 
positive 
supply 
voltage 


9 ---<lfE,'"\ 


10~ 
, 
cp 


1~ 


2~ 


74HC!HCT173 


MSI 


1 
CP 


14 
DO 
00 
3 


'3 
0, 
FFt 
OJ . 


12 02 
10 
a, s 


FF' 


11 
03 
a, 
6 


J,"""y 19861 ( 


l 
_ 


INPUTS 
OUTPUTS 


REGISTER OPERATING MODES 
MR 
CP 
E, 
E2 
Dn 
an (register) 


reset (clear) 
H 
X 
X 
X 
X 
L 


parallel load 
L 
t 
I 
I 
I 
L 
L 
t 
I 
I 
h 
H 


hold (no change) 
L 
X 
h 
X 
X 
qn 


L 
X 
X 
h 
X 
qn 


3-STATE BUFFER 
INPUTS 
OUTPUTS 


OPERATING MODES 
an (register) 
OE, 
OE2 
00 
01 
02 
03 


read 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
H 
H 
H 


disabled 
X 
H 
X 
Z 
Z 
Z 
Z 
X 
X 
H 
Z 
Z 
Z 
Z 


H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CPtransition 
L = LOWvoltage level 
I 
LOW voltage level one set-up time prior to the LOW-to-HIGH CPtransition 
q 
= 
lower case letters 
indicate 
the state of the referenced 
input 
(or output) 


one set-up time prior to the LOW-to-HIGH CPtransition 


X = don't care 
Z 
high impedanceOFF-state 


t = LOW-to-HIGH CP transition 


74HC!HCT173 


MSI 


Output 
capability: 
bus driver 


ICC category: 
MSI 


Tamb lOCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


55 
175 
220 
265 
2.0 
tPHLI 
propagation 
delay 
20 
35 
44 
53 
ns 
4.5 
Fig.6 
tPLH 
CP to Qn 
16 
30 
37 
45 
6.0 


44 
150 
190 
225 


I 


2.0 


tpHL 
propagation 
delay 
16 
30 
38 
45 
ns 
4.5 
Fig. 7 
MR to Qn 
13 
26 
33 
38 
6.0 


I 


52 
150 


I 


190 
225 
2.0 
tPZHI 
3·state output enable ti me 
19 
30 
38 
45 
ns 
4.5 
Fig.8 
tPZL 
OEn 
to Qn 
15 
26 
33 
38 
6.0 


52 
150 
190 


I 


225 


I 


2.0 


tPHzI 
3·state output disable time 
19 
30 
38 
45 
ns 
4.5 
Fig. 8 


tPLZ 
OEn 
to Qn 
15 
26 
33 
38 
6.0 


14 
60 


I 


75 
90 
2.0 
tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
4 
10 
13 
15 
6.0 


I 


80 
14 


I 


100 
120 


I 


2.0 


tw 
clock pulse width 
16 
5 
20 
24 
ns 
4.5 
Fig.6 
HIGH or LOW 
14 
4 
17 
20 
6.0 


I 


80 
14 
100 
120 
2.0 I Fig. 7 
tw 
master reset pulse 
16 
5 
20 
24 
ns 
4.5 
width; 
HIGH 
14 
4 
17 
20 
6.0 


removal 
time 
60 
-8 
75 
90 
2.0 


trem 
12 
-3 
15 
18 
ns 
4.5 
Fig. 7 
MR to CP 
10 
-2 
13 
15 
6.0 


set-up time 
100 
33 
125 
150 
2.0 
tsu 
20 
12 
25 
30 
ns 
4.5 
Fig. 9 
En to CP 
17 
10 
21 
26 
6.0 


60 
17 
75 
90 
2.0 
tsu 
set-up time 
12 
6 
15 
18 
ns 
4.5 
Fig. 9 
Dn to CP 
10 
5 
13 
15 
6.0 


0 
-17 


I 
0 
a 
2.0 
hold time 
0 
-6 


I 


a 
0 
ns 
4.5 
Fig.9 
th 
En to CP 
0 
-5 
a 
a 
6.0 


1 
-11 
1 
1 
2.0 


th 
hold time 
1 
-4 
1 
1 
ns 
4.5 
Fig.9 
Dn to CP 
1 
-3 
1 
1 
6.0 


maximum 
clock 
pulse 
6.0 
26 
4.8 
4.0 
2.0 


fmax 
30 
80 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
95 
28 
24 
6.0 


74HC/HCT173 


MSI 
l.__ 
- 


Output capabiIity: bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional quiescentsupply current (/lICC) for a unit load of 1 is given in the family specifications. 
To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table below. 


I 


INPUT 
UNIT LOAD 
COEFFICIENT 


I 
OE1.0E2 
0.50 


MR 
0.60 
El. E2 
0.40 


Dn 
0.25 


CP 
1.00 


AC CHARACTERISTICS 
FOR 74HCT 


GND= OV;tr= 
tf =6 ns;CL = 50pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL' 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
20 
40 
50 
60 
ns 
4.5 
Fig. 6 
tpLH 
CP to Qn 


tpHL 


propagation 
delay 
20 
37 
46 
56 
ns 
4.5 
Fig. 7 
MR to Qn 


tpZH/ 
I 


3-state output enable time 
20 
35 
44 
53 
ns 
4.5 
Fig. 8 
tPZL 
OEn to Qn 


tPHZ/ 
3~te 
output disable ti me 
19 
30 
38 
45 
ns 
4.5 
Fig. 8 


tPLZ 
OEn to Qn 


tTHL/ 
Ol1tput transition time 
5 
12 
15 
19 
ns 
4.5 
Fig. 6 
tTLH 


tw 
clock pulsewidth 
16 
7 
20 
24 
ns 
4.5 
Fig.6 
HIGH or LOW 


tw 
I 


master 
reset pulse 
15 
6 
19 
22 
ns 
4.5 
Fig. 7 
width; HIGH 


removal 
time 
12 
-2 
15 
18 
4.5 
Fig.7 
trem 
MR to CP 
ns 


tsu 


I 


set-up time 
22 
13 
28 
33 
ns 
4.5 
Fig. 9 
En to CP 


tsu 
set-up time 
12 
7 
15 
18 
ns 
4.5 
Fig. 9 
On to CP 


hold time 
a 
-6 
a 
a 
4.5 
Fig. 9 
th 
En to CP 
ns 


hold time 
a 
-3 
a 
a 
4.5 
Fig. 9 
th 
On to CP 
ns 


fmax 
maximum 
clock 
pulse 
30 
80 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 


74HC/HCT173 


MSI 


Fig. 6 Waveforms 
showing 
the clock 
IC?) to output 
(Qn) 
propagation 
delays, 
the clock 
pulse width, 
the output 
transition 
times and the maximum 
clock 
pulse frequency. 


OUTPUT 


LOW-l0-0FF 
OFF-IO-LOW 


OUTPUT 


HIGH-lo-OFF 


OFF· 
to-HIGH 


Note 
to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3V; VI = GND to 3V. 


Fig. 7 Waveforms 
showing 
the master reset 1MR I pulse width. 


the master 
reset to output 
(Qn) 
propagation 
delays and the 
master 
reset to clock 
(CP) 
removal 
time. 


~== 
-'.f'l:-=r ", L 


Fig. 9 Waveforms showing the data set-up and hold times 
from 
input 
(En. On) to clock 
(C?). 


Note to Fig. 9 


The shaded areas indicate when the input is permitted to 
change 
for predictable 
output 
performance. 
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FEATURES 


• 
Six 
edge-triggered 
Ootype 
flip-flops 
• 
Asynchronous 
master 
reset 


• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


The 74HC/HCT174 
are high-speed 
si-gate 
CMOS devices and are pin compatible 
with 


low power 
Schottky 
TTL 
(LSTTLI. 
They 
are specified 
in compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT174 
have six edge-triggered 
D-type 
flip-flops 
with 
individual 
D inputs 
and a outputs. 
The common 
clock 
(CP) 
and master 
reset (MR) 
inputs 
load and reset 


(clear) 
all flip-flops 
simultaneously. 


The register 
is fully 
edge·triggered. 
The 
state of each 0 input, 
one set-up time 
prior 


to the 
LOW-to-HIGH 
clock 
transition. 
is 
transferred 
to the corresponding 
output 
of 
the flip-flop. 


A LOW level on the MR input 
forces all 
outputs 
LOW, independently 
of clock 
or 
data inputs. 


The device 
is useful 
for applications 
requiring 
true outputs 
only 
and clock 
and 


master 
reset inputs 
that 
are common 
to all 


storage elements. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 


propagation 
delay 


CP to Qn 
17 
18 
ns 


tPLH 
MR to Qn 
CL=15pF 
13 
17 
ns 


VCC = 5 V 


fmax 
maximum 
clock 
frequency 
99 
69 
MHz 


CI 
I 


input 
capacitance 
3.5 
3.5 
pF 


CpO 


power 
dissipation 
notes 
1 and 2 
17 
17 
pF 
capacitance 
per flip-flop 


Notes 


1. CPO is'used to determine 
the dynamic 
power 
dissipation 
(PO in IlW): 


Po ~ CPO x VCC' 
x fi + 1: ICL x VCC' 
x fa) where: 


fi 
~ 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa 
= output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 


E (CL x VCC' 
x fa) = sum of outputs 


2. 
For HC 
the condition 
is VI ~ GND to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DI L: plastic 
(SOT38Z). 


16·lead mini-pack; 
plastic (S016: 
SOT109A). 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
MR 
asynchronous 
master reset (active LOW) 


2.5,7,10, 
00 to Q5 
flip-flop 
outputs 
12,15 


3,4,6,11, 
DO to D5 
data inputs 
13,14 


8 
GNO 
ground 
(0 V) 


9 
CP 
clock 
input 
(LOW-to-HIGH, 
edge-triggered) 


16 
VCC 
positive 
supply 
voltage 


74HC/HCT174 


MSI 
l 
_ 


INPUTS 
I 


OUTPUTS 


OPERATING 
MOOES 
MR 
I 
CP 
On 
I 
On 


reset (clear) 
L 
I 
X 
X 
I 
L 


load "1" 
H 
I 
t 
h 
! 
H 


load "0" 
H 
I 
t 
I 
I 
L 


H = 
HIGH 
voltage 
level 
h 
HIGH 
voltage 
level one set-up 
time 
prior 
to the 
LOW-to-HIGH 
CP transition 


L = 
LOW voltage 
level 


I 
= 
LOW voltage 
level one set-up 
time 
prior 
to the LOW-to-H 
IGH CP transition 


X = 
don't 
care 
t = 
LOW-to-H 
IGH 
CP transition 


376 
S,ptemb" 19931 ( 


74HC/HCT174 


MSI 


Output capability: standard 
ICC category: MSI 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


I 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 


I 


55 
165 


I 


205 
250 
2.0 


20 
33 
41 
50 
ns 
4.5 
Fig.6 
tPLH 
CPto On 
16 
28 
35 
43 
6.0 


propagation 
delay 


I 


44 
150 


I 


190 


I 


225 
2.0 


tpHL 
16 
30 
38 
45 
ns 
4.5 
Fig. 7 
MR to On 
13 
26 
I 
33 
38 
6.0 


I Ir 


75 
95 


I 


110 
2.0 


I 


tTHL/ 
output 
transition 
time 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
13 
16 
19 
6.0 


clock pulse width 
80 If 


100 
120 
2.0 
tw 
16 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 
14 
17 
20 
6.0 


master 
reset pulse 


1 


80 
12 


I 


100 


1 


120 
2.0 


I Fig. 
tw 
width; LOW 
16 
4 
20 
24 
ns 
4.5 
7 
14 
3 
17 
20 
6.0 


I 


removal 
ti me 
Ii 


-111 


I 


5 
5 
2.0 


trem 
MR to CP 
-4 
5 
5 
ns 
4.5 
Fig. 7 
-3 
5 
5 
6.0 


set-up time 
60 
6 


I 


75 


I 


90 
2.0 
tsu 
12 
2 
15 
18 
ns 
4.5 
Fig. 8 


I 


Dn to CP 
10 
2 
13 
15 
6.0 


3 
-6 


I 


I 
3 
3 
2.0 
hold time 
I 
th 
Dn to CP 
3 
-2 
3 
3 
ns 
4.5 
Fig. 8 
3 
-2 
I 3 
3 
6.0 


maximum 
clock 
pulse 
6 
30 
5 
4 
2.0 
fmax 
30 
90 
24 
20 
MHz 
4.5 
Fig.6 
frequency 
35 
107 
28 
24 
6.0 


74HC/HCT174 


MSI l 
_ 


Output 
capability: 
standard 
ICC category: 
MS I 


Note 
to 
HCT 
types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
6.ICC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table below. 


INPUT 
UNIT 
LOAD 
COEFFICIENT 


On 
0.25 
CP 
1.30 


MR 
1.25 


"M'O' 1">AMm, 


T amb 
lOCI 
TEST 
CONDITIONS 


74HCT 


I -40 
to +851-40to+125 


UNIT 
VCC 
WAVEFORMS 


I 


+25 
V 


I 


I 
min. 
typo 
max. 
I min. 
max. 
I min. 
max·1 
I 


I 


I 21 


I 
I 


i 
I 
tPHLI 
I 
propagation 
delay 
35 
44 
53 
ns 


I 


4.5 
Fig. 6 
I 
CP to On 
tPLH 
! 


tPHL 


propagation 
delay 


20 
35 


I 


44 
53 
ns 
4.5 
Fig 
7 
MR to On 


tTHLI 


I 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
I 


tTLH 


clock 
pulse 
width 
16 


1 
7 
20 
24 


I 


4.5 
I Fig. 6 
tw 
HIGH 
or LOW 


ns 


tw 
master reset pulse 
20 
7 
25 


1 
30 
ns 
4.5 
Fig. 7 


width; 
LOW 


I 


removal 
ti me 


I 
I 


I 


I 
trem 
MR to CP 
12 
-3 
15 
18 
ns 


I 


4.5 
Fig. 7 


tsu 
I 


set-up time 
16 
4 
I 20 
24 
I 
ns 
4.5 
Fig. 8 
On to CP 
I 
! 


th 


1 


hold 
time 
5 


I 


-3 


I 


5 
5 


I 


4.5 
Fig. 8 
On to CP 
ns 


fmax 
maximum 
clock 
pulse 
30 
63 
24 
20 
MHz 
I 
4.5 
Fig. 6 
frequency 
i 
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1-__ 
1lfI"l'\,}X---1 


VMIIl 
_'w_1 


-tpHL- 
--tPLH-1 


I 


VM'" 
r- 


'THL-- 
---J.I-'TLH 


Fig.6 
Waveforms 
showing 
the clock 
ICPI to output 
IQnl 
propagation 
delays, 
the clock 
pulse width, 
the output 


transition 
times and the maximum 
clock 
pulse frequency. 


Fig.8 
Waveforms 
showing 
the 
data 
set-up 
and 
hold 
times 
for the data input 
IOn I. 


Fig. 
7 
Waveforms 
showing 
the 
master 
reset 
{MRl 
pulse 
width, 
the master 
reset to output 
(Onl 
propagation 
delays 
and the 
master 
reset to clock 
(CP) 
removal 
time. 


Note to Fig. 8 


The 
shaded 
areas 
indicate 
when 
the 
input 
is permitted 
to 


change 
for predictable 
output 
performance. 


Note to AC waveforms 


(1) 
HC 
VM = 50%; VI 
= GNO to VCC' 


HCT: 
VM = 1.3V; 
VI = GNO to3V. 
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74HC/HCT175 


MSI 


• 
Four 
edge-triggered 
0 flip-flops 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT175 
are high-speed 
Si-gate 
CMOS devices and are pin 


compatible 
with 
low power 
Schottky 


TTL 
(LSTTLI. 
They 
are specified 
in 


compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT175 
have four 
edge- 


triggered, 
D-type 
flip-flops 
with 


individual 
D inputs 
and both 
Q and 0 
outputs. 
The common 
clock 
(CP) and master 
reset 
(MR) 
inputs 
load and reset (clear) 
all 


flip-flops 
simultaneously. 
The 
state 
of each 
D input, 
one 
set-up 


time 
before 
the LOW-to-HIGH 
clock 
transition, 
is transferred 
to the 


corresponding 
output 
(Qn1 of the 


flip-flop. 


All 
Qn outputs 
will 
be forced 
LOW 


independently 
of clock 
or data 
inputs 


by a LOW voltage 
level on the 
MR input. 


The device 
is useful for applications 
where 
both 
the true and complement 
outputs 


are required 
and the clock 
and master 
reset are common 
to all storage 
elemen ts. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
I 
UNIT 
HC 
HCT 


propagation 
delay 


tPHL 
~toQn, 
On 
17 
16 
ns 


MR to Qn 
CL=15pF 
15 
19 
ns 


propagation 
delay 
VCC ~ 5 V 


tPLH 
CP to Qn, On 
17 
16 
ns 
MR to On 
15 
16 
ns 


fmax 
maximum 
clock 
frequency 
83 
54 
MHz 


CI 
input 
capacitance 
I 
3.5 
3.5 
pF 


CPD 


power dissipation 
notes 
1 and 2 
32 
34 
pF 
capacitance 
per flip-flop 


Notes 


1. 
CPD is used to determine 
the dynamic 
power 
dissipation 
(PD in j.LW): 


PD = CPD x VCC' 
x fi + E (CL x VCC' 
x fa) 
where: 


fj 
= 
input 
frequency 
in MHz 
CL 
OUtput 
load capacitance 
in pF 
fa 
= 
output 
frequency 
in MHz 
VCC 
~ supply 
voltage 
in V 


E (CL x VCC' 
x fol 
= sum of outputs 


2. 
For 
HC 
the condition 
is VI = GND 
to VCC 
For HCT the condition 
is VI = GND 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead 01 L; plastic 
(SOT38Z). 


16-lead mini-pack; 
plastic IS016; 
SOT109A). 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
MR 
master 
reset input 
(active 
LOW) 


2,7,10, 
15 
00 to Q3 
flip-flop 
outputs 


3,6,11,14 
00 
to 03 
complementary 
flip-flop 
outputs 


4,5,12,13 
DO to D3 
data 
inputs 


8 
GND 
ground 
(0 V) 


9 
cp 
clock 
input 
(LOW-to-HIGH, 
edge-triggeredl 


16 
VCC 
positive 
supply 
VOltage 


vcc 


oJ 
CP 
00 
00 
° 
0 


0, 
0, 
oJ 
0, 


0, 
a, 
'0 
12 
0, 


oJ 
oJ 
15 
0, 
0, 
13 
oJ 
14 


MR 


1Z93242 


Fig. 
1 
Pin configuration. 
Fig. 2 
Logic symbol. 
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INPUTS 
I 
OUTPUTS 
OPERATING MODES 
MR- I 
On I 
CP 
On 
On 


I 


I 


reset (clear) 
L 
X 
X 
I 
L 
H 


load "1" 
H 
I 
t 
h 
I 
H 
L 


i 
load "0" 
H 
I 
t 
I 
I 
L 
H 


H = HIGH voltage level 
h 
HIGH voltage level one set-up time prior to the 
LOW-to-HIGH CPtransition 
L 
LOW voltage level 


I 
LOW voltage level one set-up time prior to the 
LOW-to-HIGH CPtransition 


t 
LOW-to-HIGH CPtransition 


X = don't 
care 


April 19851( 
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MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND =0 V:tr=tf= 
6 ns;CL = 50 pF 


Tamb lOCI 
TEST CONDITIONS 


74HC 
I 
SYMBOL 
PARAMETER 
UNIT 
I VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to 
+125 


I 


V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
55 
175 
220 
265 


I 


2.0 
20 
35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
CP to On. On 
16 
30 
37 
45 
I 6.0 


tPHL/ 
propagation delay 


I 


50 
150 


I 


1 
190 
225 


I 


2.0 


I 


18 
30 
38 
45 
ns 
4.5 
Fig.8 
tPLH 
MR to On. On 
14 
26 
33 
38 
I 6.0 


I tTHL/ 


I 


I 
I 
Ir 


i 75 
95 
110 
2.0 


output 
transition 
time 
I 15 
19 
22 
ns 
4.5 
Fig. 6 


i tTLH 
, 13 
16 
19 
6.0 


I 
80 I 22 
I 
100 
120 
2.0 


I tw 


clock pulse width 
16 I 8 
20 
24 
ns 
4.5 
Fig.6 
HIGH or LOW 
14 
6 
I 
17 
20 
I 
I 6.0 
I 
I 


master reset pulse width 
80 
19 
100 
120 


I 
I 2.0 


tw 
16 
7 
20 
24 
ns 
4.5 
Fig. 8 
LOW 
14 
6 
17 
20 
I 6.0 


removal 
time 
5 
-33 
5 


I 
I ~ 
I ns 


2.0 


I 


trem 
MR to CP 
5 
-12 
5 


I 


4.5 
Flg.8 
5 
-10 
5 
6.0 


set-up time 
80 
3 


I 


100 
120 


I 


2.0 


tsu 
16 
1 
20 
24 
ns 


I 


4.5 
Fig. 7 
On to CP 
14 
1 
17 
20 
6.0 


hold time 


I 


25 
2 
30 
40 


I 
I 


2.0 
I 


th 
CP to On 
5 
0 
6 
8 
ns 
4.5 
Fig. 7 


4 
0 
5 
7 
6.0 
I 


maximum clock pulse 
6.0 
25 
4.8 
4.0 
2.0 


fmax 
30 
75 
24 
20 
MHz 
4.5 
Fig. 6 


frequency 
35 
89 
28 
24 
6.0 
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Output capability: 
standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(.boIce) for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61ce 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


MR 
1.00 


CP 
0.60 


On 
0.40 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 


I 


UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
I 
max. 


tpHL/ 
propagation delay 


I 


19 
33 
41 
50 
ns 
4.5 


I 


Fig. 6 
tPLH 
CP to Qn. an 


tpHL 
propagation delay 
22 
3B 
48 


I 


57 
ns 
4.5 
Fig.8 
MR to Qn 


tpLH 
propagation delay 
19 
35 
44 
I 


53 
ns 
4.5 


I 


Fig. 8 
MR to On 


tTHL/ 
output 
transition 
time 
7 
15 
19 
I 22 
ns 
I 4.5 


I 


Fig.6 
I 
tTLH 
I 
i 


tw 
clock pulse width 


I 


20 
12 
25 
30 
ns 
I 4.5 I 


Fig. 6 


HIGH or LOW 


I 


tw 
master 
reset 
pulse 
width 
20 
11 
25 
30 
ns 
4.5 I 


Fig. 8 
LOW 
I 
I 


I 
I 
I 
I 
I 
I 


trem 
removal 
ti me 
5 
-10 
5 
5 
ns 
4.5 
Fig.8 
MR to CP 
I 


I 


I 


tsu 
set-up 
time 


I 


16 
5 
20 
24 
ns 
4.5 
Fig. 7 
On to CP 


th 
hold time 
5 
0 
5 
5 


I 


ns 


I 


4.5 
Fig. 7 
CP to On 


fmax 
maximum 
clock 
pulse 
25 
49 
20 
17 
MHz 
4.5 
Fig.6 
frequency 
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,-'PHL-k 


~Cll 


-- 
ITHL 


-'PLH~ 


aT! OUTPUT 
VM 


----_--'1 __ 
tTLH 


Fig. 7 Waveforms 
showing 
the data set-up and 


hold times for the data input 
(On). 


Fig. 6 Waveforms 
showing 
the clock (CP) to 


outputs 
(On. Gn) propagation 
delays. the clock 
pulse width, 
output 
transition 
times and the 
maximum 
clock 
pulse frequency. 


Note to Fig. 7 


The shaded 
areas indicate 
when 
the input 
is 


permitted 
to change for predictable 
output 


performance. 


Fig. 8 
Waveforms 
showing 
the master 
reset 


(i'VlR) pulse width. 
the master reset to outputs 
(On. Gn) propagation 
delays and the master 


reset to clock (CP) removal time. 


Note 
to AC waveforms 


(1) HC : VM = 50%; VI = GNO to VCC' 


HCT: VM=1.3V;VI=GNOt03V. 


___ 
J 


FEATURES 


• 
Full carry 
look-ahead 
for high-speed 


arithmetic 
operation on long words 


• 
Provides 
16 arithmetic 
operations: 


add, 
subtract, 
compare, 
double, 


plus 
12 others 


• 
Provides 
all 16 logic operations 
of 
two variables: 
EXCLUSIVE-OR, 
compare, 
A 
D, 


NAND, 
NOR, 
OR plus 10 other 
logic operations 


• 
Output 
capability: 
standard, 
A=B open 
drain 
• 
ICC category: 
MSI 


GeNERAL 
DESCRIPTION 


The 74HC/HCT181 
are high-speed 


Si-gate CMOS devices and are pin 
compatibie 
with low power Schottky 
TTL (LSTTL). 
They are specified in 


compliance 
with JEOEC 
standard 
no. 7A. 


The 74HC/HCT181 
are 4-bit high-speed 
parallel 
Arithmetic 
Logic Units (ALUl. 


Controlled 
by the four function 
select 


inputs 
(SO to 53) and the mode control 


input 
(MI, they can perform 
all the 


16 possible 
logic operations 
or 16 different 


arithmetic 
operations 
on active 
HIGH 
or 


active 
LOW operands 
(see function 
table). 


When the mode control 
input (M) is HIGH, 
all internal 
carries are inhibited 
and the 


device 
performs 
logic operations 
on the 
individual 
bits as listed. When M is LOW, 
the carries are enabled 
and the "181" 


performs 
arithmetic 
operations 
on the two 
4-bit words. The "181" 
incorporates 
full 


internal 
carry 
look·ahead 
and provides 
for 


(continued 
on next page) 


74HC/HCT181 


MSI 


I 
TYPICAL 


I SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


I tPHLI 


propagation 
delay 
CL=15pF 
An or Bn to A=B 
28 
30 
ns 
tpLH 
Cn to Cn+4 
VCC = 5 V 
17 
21 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 
1 and 2 
90 
92 
pF 
capacitance per L package 


GNO = 0 V; Tamb = 25°C; 
tr = tf = 6 ns 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in /-lW): 


Po = CPO x VCC' 
x fi + ~ (CL x VCC' 
x fol where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 
:E (CL x VCC' 
x fa) ~ sum of outputs 


2. 
For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI ~ GNO to VCC - 
1.5 V 


ALU 


°IM~1 ~~ 


co 


4 
P-OQ 


CI 


• 
Cn+4 
" 
.- 
So 
A-8 


S 
5, 
17 


52 
15 


5, 


'0 
" 
'2 
" 
? 
? 
? 
? 
, 
10 
II 
13 


po 


00 
;0 
23 
PI 


22 


0' 
21 
P2 


20 
02 


13 " ., 


18 
0' 
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GENERAL 
DESCRIPTION 
(Cont'd) 


either 
ripple 
carry 
between 
devices using 


the Cn+4 output, 
or for carry 
look-ahead 
between 
packages using the carry 


propagation 
(PI and carry 
generate IGI 
signals. P and G are not affected 
by carry 
in. When 
speed requirements 
are not 
stringent, 
it can be used in a simple 
ripple 
carry 
mode 
by connecting 
the carry 
output 
(Cn+4) 
signal to the carry 
input 


(Cn) of the next 
unit. 


For high~speed 
operation 
the device is 
used in conjunction 
with 
the "182" 
carry 
look·ahead 
circuit. 
One carry 
look-ahead 


package 
is required 
for each group of 


four" 
181" 
devices. Carry 
look-ahead 
can 
be provided 
at various 
levels and offers 
high-speed 
capability 
over extremely 
long 
word 
lengths. 


The comparator 
output 
(A=81 
of the 
device goes HIGH 
when 
all four 
function 


outputs 
(Fa to "31 are HIGH 
and c,n 
be 
used to indicate 
logic equivalence 
over 


4 bits when the unit is in the subtract 
mode. 
A=B 
is an open collector 
output 


and can be wired-AND 
with 
other 
A=B 
outputs 
to give a comparison 
for more 
than 4 bits. The open drain 
output 
A=B 


should 
be used with 
an external 
pull-up 
resistor 
in order 
to establish 
a logic HIGH 


level. The A=B 
signal can also be usad with 
the Cn+4 signal to indicate 
A > B aod 


A<B. 


The 
function 
table 
lists the arithmetic 
operations 
that 
are performed 
without 
a 


carry 
in. An incoming 
carry 
adds a one to 


each operation. 
Thus, 
select code 
L-iHL 


generates 
A minus 
B minus 
1 
(2s complement 
notation) 
without 
a carry 
in and generates 
A minus 
B when 
a carry 
is applied. 


'0 
7-0 
en 


M 


So 


S, 
s, 
s, 
'0 
I 
9 


"8 
S"temb" 19931 ( 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,22,20,18 
So to S3 
operand 
inputs 
(active 
LOW) 


2,23,21,19 
AO to A3 
operand 
inputs 
(active 
LOW) 


6,5,4,3 
So to S3 
select inputs 
, 


carry 
input 
7 
Cn 


8 
M 
mode 
control 
input 


9,10,11,13 
Fa to F3 
function 
outputs 
(active 
LOW) 


12 
GND 
ground 
(0 V) 


14 
A=8 
comparator 
output 


15 
P 
carry 
propagate 
output 
(active 
LOW) 


16 
Cn+4 
carry 
output 


17 
G 
carry 
generate 
output 
(active 
LOW) 


24 
VCC 
positive 
supply 
voltage 


Because subtraction 
is actually 
performed 


by complementary 
addition 
(1 s 


complement), 
a carry 
out means borrow; 
thus, a carry 
is generated 
when 
there 
is 


no under·flow 
and no carry 
is generated 


when 
there 
is underflow. 


As indicated, 
the "181" 
can be used with 


either 
active 
LOW 
inputs 
producing 
active 
LOW 
outputs 
or with 
active 
HIGH 
inputs 


producing 
active 
HIGH 
outputs. 
For either 
case the table 
lists the 
operations 
that 
are performed 
to the 
operands. 


Cn-t4 
,. 


So 
A-a 


s, 
11 


S, 
15 


S, 
'0 
" 
" 
" 
? 
? 
? 
? 
9 
10 
11 
13 
'Z9614' 


______ 
4_-b_I_Ot_a_r_it_h_rn_e_ti_c_I_O_9_ic_u_n_it 
J 


MODE SELECT INPUTS 
ACTIVE 
HIGH INPUTS AND OUTPUTS 


S3 
S2 
S, 
So 
LOGIC 
ARITHMETIC" 
(M=H) 
IM=L; Cn=H) 


L 
L 
L 
L 
A 
A 
L 
L 
L 
H 
A + S 
A+S 
L 
L 
H 
L 
AS 
A+S 
L 
L 
H 
H 
logical 0 
minus 
1 


L 
H 
L 
L 
AS 
A plus AS 
L 
H 
L 
H 
S 
(A + SI plus AS 
L 
H 
H 
L 
Aes 
A minus 
8 minus 
1 
L 
H 
H 
H 
A8 
AS minus 1 


H 
L 
L 
L 
A + S 
A plus AS 
H 
L 
L 
H 
A@S 
A plus S 
H 
L 
H 
L 
S 
(A + 81 plus AS 
H 
L 
H 
H 
AS 
AS minus 1 


H 
H 
L 
L 
logical 1 
A plus A' 
H 
H 
L 
H 
A+S 
(A + S) plus A 
H 
H 
H 
L 
A + S 
(A + SI plus A 
H 
H 
H 
H 
A 
A minus 
1 


MODE SELECT INPUTS 
ACTIVE 
LOW INPUTS AND OUTPUTS 


S3 
S2 
S1 
So 
LOGIC 
ARITHMETIC" 
IM=HI 
IM=L; Cn=U 


L 


I 
A 
L 
L 
L 
A minus 
1 
L 
L 
L 
H 
AS 
AS minus 
1 
L 
L 
H 
L 
A+S 
A8 minus 1 
L 
L 
H 
H 
logical 1 
minus 
1 


L 
H 
L 
L 
A+8 
A plus (A + 81 
L 
H 
L 
H 
S 
AS plus (A + 81 
L 
H 
H 
L 
AeB 
A minus 
B minus 
1 
L 
H 
H 
H 
A+8 
A + S 


H 
L 
L 
L 
AS 
A plus (A + SI 
H 
L 
L 
H 
AeS 
A plus S 
H 
L 
H 
L 
S 
A8 plus (A + SI 
H 
L 
H 
H 
A+S 
A + B 


H 
H 
L 
L 
logical 0 
A plus A* 
H 
H 
L 
H 
AS 
AS plus A 
H 
H 
H 
L 
AS 
AS plus A 
H 
H 
H 
H 
A 
A 


Notes to the function 
tables 


* 
Each bit is shifted 
to the next 
more significant 
position. 


it* 
Arithmetic 
operations 
expressed 
in 25 complement 
notation. 
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') 
cro+4 


A, 


F) 


A, 


F2 


., 
... 


Al 


" 


::~ 
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TABLE 
1 SUM MODE TEST 


Function 
inputs 
So = 53 = 4.5 V, M = 5, 
= 52 = 0 V 


I 
laTHER 
INPUT, SAME BIT 
OTHER DATA INPUTS 
I PARAMETER 
INPUT UNDER TEST 
I Apply GND 


OUTPUT UNDER TEST 


i 


Apply 4.5 V 
Apply GND 
Apply 4.5 V 


I tPLHI 
Ai 
Bj 
none 
remaining 
I Cn 
Fi 
tPHL 
A andB 


tPLHI 
Bj 
Ai 
none 
remaining 
Cn 
Fi 
tPHL 
A andB 


tPLHI 


remaining 
Ai 
Bi 
none 
none 
A and 
P 
tpHL 
B, Cn 


tPLHI 


remaining 
Bj 
Ai 
none 
none 
A and 
P 
tPHL 
B, Cn 


tPLHI 
Aj 


I 


none 
Bi 
remaining 
remaining 
G 
I 
tPHL 
B 
A,Cn 


tPLHI 
I 


Bj 
none 
Ai 
remaining 
remaining 
G 
tPHL 
B 
A,Cn 


tPLHI 
Ai 
none 
Bi 
remaining 
remaining 
Cn+4 
tPHL 
B 
A,Cn 


tPLHI 
Bj 
none 
Ai 
remaining 
remaining 
Cn+4 
tPHL 
B 
A,Cn 


tPLHI 
Cn 
none 
none 
all A 
all B 
any F 


tPHL 
or Cn.4 
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TABLE 
2 
DIFFERENTIAL 
MODE TEST 


Function 
inputs 
S1 = S2 = 4.5 V, M = So = S3 = 0 V 


OTHER INPUT, SAME BIT 
OTHER DATA INPUTS 


PARAMETER 
INPUT UNDER TEST 
OUTPUT UNDER TEST 
Apply 4.5 V 
ApplyGND 
Apply 4.5 V 
Apply GND 


tPLHI 
Ai 
none 
Bi 
remaining 
remaining 
Fj 
tpHL 
A 
B,Cn 


tPLHI 
Bi 
Ai 
none 
I ~majning 
remaining 
Fj 
tPHL 
B, Cn 


tpLHI 
I Bj 
I none 


remaining 
Aj 
none 
A and 
P 
tpHL 
B,Cn 


tPLHI 
I 
remaining 
Bi 
Ai 
none 
none 
I ~ and 
P 
tPHL 
B,Cn 


tPLHI 
Ai 
Bj 
I ~majnjng 
G 
none 
none 
A and 
tPHL 
B,Cn 
, 
I 
I ~majnjng 
tPLHI 
Bj 
none 
I Aj 
none 
A and 
G 
tPHL 
B,Cn 


tPLzl 
Ai 
none 
I Bj 
remaining 
remaining 
A=B 
tpZL 
A 
B, Cn 


tPLzl 
Bj 
Ai 
none 
remaining 
remaining 
A=B 
tpZL 
A 
B,Cn 


tpLHI 
- 
Bj 


~maining 


Aj 
none 
none 
A and 
Cn+4 
tpHL 
B,Cn 


tpLHI 
Bj 
- 
~maining 


tpHL 
none 
Aj 
none 
A and 
Cn+4 
B,Cn 


tpLHI 
Cn 
none 
none 
all A 
none 
any F 


tPHL 
and B 
or Cn+4 


TABLE 
3 
LOGIC MODE TEST 


Function 
inputs 
M = S1 = 52 = 4.5 V, 50 = 53 = 0 V 


OTHER INPUT, SAME BIT 
OTHER DATA INPUTS 


PARAMETER 
INPUT UNDER TEST 
OUTPUT UNDER TEST 
Apply 4.5 V 
Apply GND 
Apply 4.5 V 
Apply GND 


tPLHI 
Ai 
Bi 
remaining 


tPHL 
none 
none 
A and 
Fi 
B,Cn 


tPLHI 
Bj 
Aj 


remaining 


tpHL 
none 
none 
A and 
Fj 


B,Cn 


392 
SePlemben993! ( 


______ 
4_-_b_it_a_ri_t_h_m_e_t_ic_IO_9_i_c_u_n_i_t 
J 


74HC/HCT181 


MSI 


RATINGS 
(for 
A=B 
output 
only) 


Limiting 
values in accordance 
with 
the Absolute 
Maximum 
System 
(lEe 
134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


Vo 
DC output 
voltage 
-0.5 
+7.0 
V 
I 


-10K 
DC output 
diode 
current 
20 
mA 
for 
Vo < -0.5 
V 


-10 
DC output 
source or sink current 
25 
mA 
for 
-0.5 
V < Vo 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 
except 
that 
the VOH 
values 


are not 
valid 
for 
open drain 
output 
(A=Bl. 
They 
are replaced 
by 
IOZ 
as given 
below. 


Output 
capability: 
standard 
(open 
drain), 
excepting 
VOH 


ICC category: 
MSI 


Tamb 
(OCI 
TEST 
CONDITIONS 


74HC 
SYMBOL 
PARAMETER 


! -40 
to +85 


UNIT 
VCC 
VIL 
OTHER 
+25 
-40 
to +125 
V 
I 


min. 
typo 
max.1 
min. 
max. 
min. 
max. 


HIGH 
level output 


05 
I 


2.0 
note 
1 
10Z 
leakage current 
5.0 
10.0 
IJ.A 
to 
VIL 
Vo=00r6V 
6.0 


Note to the DC characteristics 


1. The maximum 
operating 
output 
voltage 
(VO(max)) 
is 6.0 
V. 


74HC/HCT181 


MSI 
l 
_ 


AC CHARACTERISTICS 
FOR 74HC 


GND =OV;tr 
= tl =6 ns;CL 
= 50 pF 


Tamb (OC) 
TE5T CONDITlON5 


74HC 
5YMBOL 
PARAMETER 
UNIT 
VCC 
MODE 
OTHER 


+25 
--40 to +85 
--40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


55 
165 
205 
250 
2.0 
M =0 V; 


tPHLI 
propagation 
delay 
50 
4.5 
sum 
Fig. 9; 
20 
33 
41 
ns 
dill 
tpLH 
Cn to Cn+4 
16 
28 
35 
43 
6.0 
Tables 1 and 2 


69 
200 
250 
300 
2.0 
1M -0 v; 
tPHLI 
propagation 
delay 
50 
60 
4.5 
sum 
Fig. 9; 
25 
40 
ns 
dill 
tPLH 
Cn to Fn 
20 
34 
43 
51 
6.0 
Tables 1 and 2 


72 
210 
265 
315 
2.0 
I 
M=51 
=52=OV; 
tPHLI 
propagation 
delay 
26 
42 
53 
63 
ns 
4.5 
i sum 
50=53 
=4.5 v; 
tPLH 
An to G 
21 
36 
45 
54 
6.0 
I 
Fig. 7; Table' 


I 


77 
230 
290 
I 
1345 
2.0 
M=51 =52-0V; 
tpHLI 
propagation 
delay 
28 
46 
58 


1 


69 
ns 
4.5 
sum 
50=53=4.5 
V; 
tPLH 
8n to G 
22 
39 
49 
I 
59 
6.0 
Fig. 7; Table 1 


ItPHLI 


76 
215 


I 


270 


I 


I 320 
2.0 
! 
I M-50=53-0V; 
propagation 
delay 
26 
43 
54 


1 
65 
I ns 
4.5 
I dill 
5, =52=4.5 
v; 


tpLH 
An toG 
21 
37 
46 
55 
6.0 
Fig. 8; Table 2 


I 


I 
1 


240 
300 


I 


I 360 


I ns 


2.0 
I 
M = 50 = 53 = 0 V; 
77 


I 


I tPHLI 
propagation 
delay 
28 
48 
60 
72 
4.5 
I dill 
5, =52=4.5 
v; 


ItPLH 
8n to G 
22 
41 
51 
61 
6.0 
Fig. 8; Table 2 


I 


I 61 


1 


185 
230 
I 


1 


280 


I ns 


2.0 


I sum 


M=5, 
=52-0V; 
I tpHLI 
propagation 
delay 
22 
37 
46 


I 


56 
4.5 
50=53=4.5 
V; 


tPLH 
An to P 
18 
31 
39 
48 
6.0 
Fig. 7; Table 1 


I 


I 


63 


1 


195 


I 
1 


245 


1 
I 


295 


I ns 


2.0 
M=5, 
=52-0V; 


! tPHLI 
propagation 
delay 
23 
39 
49 
59 
4.5 
sum 
50=53=4.5 
V; 
i tpLH 
8n to P 
18 
, 33 
42 
50 
6.0 
Fig. 7; Table 1 


I 
I 


I 


2.0 


I dill 


M-50=53=OV; 
I 


I 


55 
'70 
215 
255 
I tpHLI 
propagation 
delay 
20 
34 
43 
51 
ns 
4.5 
51 =52=4.5 
V; 
! tpLH 
An to P 
16 
29 
37 
43 
6.0 
Fig. 8; Table 2 
I 
I 


I 


63 
195 
245 
295 
2.0 


I dill 
M =50-53 
-OV; 


ItPHLI 
propagation 
delay 
23 
39 
49 
59 
ns 
4.5 
51 =52=4.5 
V; 


tPLH 
Bn to P 
18 
33 
42 
50 
6.0 
Fig. 8; Table 2 


77 
230 
290 
345 
2.0 


I sum 


M -51 
-52 
-OV; 
tPHLI 
propagation 
delay 
28 
46 
58 
69 
ns 
4.5 
50=53=4.5 
V; 
tpLH 
Ai to Fi 
22 
39 
49 
59 
6.0 
Fig. 7; Table 1 


85 
255 
320 
385 
2.0 
M=51 =52=OV; 


tPHLI 
propagation 
delay 
31 
51 
64 
77 
ns 
4.5 
sum 
50=53=4.5 
V; 
tpLH 
8; to Fj 
25 
43 
54 
65 
6.0 
Fig. 7; Table 1 


77 
235 
295 
355 
2.0 
M=50-53-0V; 
tPHLI 
propagation 
delay 
28 
47 
59 
71 
ns 
4.5 
dill 
51=52=4.5V; 
tpLH 
Ai to Fj 
22 
40 
50 
60 
6.0 
Fig. 8; Table 2 


I 
83 
255 


1 


320 
385 
2.0 


I dill 
M = 50 = 53 = 0 V; 
I tPHLI 
propagation 
delay 
31 
51 
64 
77 
ns 
4.5 
5, =52=4.5 
V; 


ItPLH 
Bj to Fi 
24 
43 
54 
65 
6.0 
Fig. 8; Table 2 


I 
74 
230 
290 
345 
2.0 
M=4.5V; 


I tpHLI 
propagation 
delay 
27 
46 
58 
69 
ns 
4.5 
logic 
Fig. 8; 


ItPLH 
Ai to Fi 
22 
39 
49 
59 
6.0 
Table 3 


83 
255 
320 
385 
2.0 
M = 4.5 V; 


tPHLI 
propagation 
delay 
30 
51 
64 
77 
ns 
4.5 
logic 
Fig. 8; 


tpLH 
8i to Fi 
24 
43 
54 
65 
6.0 
Table 3 
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4-bit arithmetic 
logic unit 
J 


----- 


74HC/HCT181 


MSI 


Tamb 
eCI 
TEST 
CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
MODE 
OTHER 
+25 
-40 
to +85 
-40to+125 
V 


I 
min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


80 
235 
295 
355 
2.0 
M=S1 
=52=OV; 
tPHLI 
propagation 
delay 
29 
47 
59 
71 
ns 
4.5 
sum 
SO=53=4.5 
V; 
tpLH 
An to Cn+4 
23 
40 
50 
60 
60 
Fig. 8; Table 
1 


80 
235 


I 


295 
355 
2.0 
M-51-52-0V; 


I 


tPHLI 
propagation 
delay 
29 
47 
59 
71 
ns 
4.5 
sum 
50=S3=4.5 
V; 
tPLH 
Bn to Cn+4 
23 
40 
50 
60 
6.0 
Fig. 8;Table' 


77 
235 
295 
355 


I ns 


2.0 
I M = 50 - 53 = 0 V; 


I 


tPHLI 
propagation 
delay 
28 
47 
59 
71 
4.5 
dill 
51 =52=4.5 
V; 
tPLH 
An to Cn+4 
22 
40 
50 
60 
6.0 
Fig. 10; Table 
2 


85 
255 
320 
385 
2.0 
M = 50 = S3 = a V; 
tpHLI 
propagation 
delay 
31 
51 
64 
77 
ns 
45 
diff 
S1 =S2=4.5 
V; 
tpLH 
Bn to Cn+4 
25 
43 
54 
65 
6.0 
Fig. 10; Table 
2 


80 
245 
305 
370 
2.0 
M = 50 = 53 = 0 V; 
tPZLI 
propagation 
delay 
29 
49 
61 
74 
ns 
4.5 
diff 
5, =S2 
=4.5 
V; 
tPLZ 
An to A=B 
23 
42 
52 
63 
6.0 
Fig. 11; Table 
2 


88 
270 
340 
405 
2.0 


I diff 


M =SO =53 
=0 V; 
tPZLI 
propagation 
delay 
32 
54 
68 
81 
ns 
4.5 
51 =52=4.5 
V; 
tPLZ 
Bn to A=B 
26 
46 
58 
69 
6.0 
Fig. 11; Table 
2 


83 
255 
320 
385 
2.0 
M=51-52-0V; 
tPHL/ 
propagation 
delay 
30 
51 
64 
77 
ns 
4.5 
sum 
50=53=4.5 
V; 


I 


tPLH 
An to Fn 
24 
43 
54 
65 
6.0 
Fig. 7; Table 
1 


85 
265 
330 
400 
I 
2.0 
M=51 
=52=OV; 
tPHLI 
propagation 
delay 
31 
53 
66 
80 


I 


ns 
4.5 
sum 
50 = 53 =4.5 
V; 
tpLH 
8n to Fn 
25 
45 
56 
68 
6.0 
Fig. 7; Table 
1 


1 


77 
240 
300 
360 
2.0 
M = 50 - 53 - 0 V; 
tPHLI 
propagation 
delay 
28 
48 
60 
72 
ns 
4.5 
diff 
51 =52=4.5 
V; 
tPLH 
An to Fn 
22 
41 
51 
61 
6.0 
Fig. 8; Table 
2 


I 


88 
275 


I 


345 
415 
2.0 
1M = 50 = 53 = 0 V; 
tPHLI 
propagation 
delay 
32 
55 
69 
83 
ns 
45 
diff 
51 = 52 =4,5 
V; 
tpLH 
Bn to Fn 
26 
47 
59 
71 
6.0 
Fig. 8; Table 
2 


19 
75 
95 
110 
2.0 
note 
1; 
tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 
7 and 
11 
tTLH 
6 
13 
16 
19 
6.0 


Note 
to the 
AC characteristics 


1. For the open drain output 
(A=Bl 
only tTH L is valid. 


74HC/HCT181 


MSI l 
_ 


For the 
DC characteristics 
see chapter 
"HCM05 
family 
characteristics". 
section 
"Family 
specifications", 
except 
that 
the VOH 
values 
are not valid 
for 
open drain 
output 
(A=BI. 
They 
are replaced 
by 102 
as given below. 


Output 
capability: 
standard 
(open drain), 
excepting 
VOH 


ICC category: 
M51 


Tamb 
(oC) 
TEST 
CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VIL 
OTHER 
+25 
-40 
to +85 
-40to+125 
I 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 
I 


HIGH 
level output 
2.0 
note 1; 


102 
leakage current 
0.5 
5.0 
10.0 
p.A 
to 
VIL 
Vo 
= 0 or 6 V 
6.0 


Note to the DC characteristics 


1. The maximum 
operating 
output 
voltage 
(VO(max)) 
is 6.0 V. 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(Lj,ICCl for a unit 
load of 1 is given in the family 
specifications. 
To determine 
.6.ICC per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table below. 


INPUT 
UNIT 
LOAD 
COEFFICIENT 


s" ~ 
0.50 
An. Bn 
0.75 
5n 
1.00 


AC CHARACTERISTICS 
FOR 74HCT 


GND 
= 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OC) 
TEST 
CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
I UNIT 
VCC 
MODE 
OTHER 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
sum 
M =0 
V; 


25 
42 
53 
63 
ns 
4.5 
Fig. 9; 
tPLH 
Cn to Cn+4 
diff 
Tables 
1 and 2 


tPHLI 
propagation 
delay 
sum 
M =OV; 
28 
48 
60 
72 
ns 
4.5 
Fig. 9; 


tPLH 
Cn to Fn 
diff 
Tables 
1 and 2 


tPHLI 
p!2paga!lon delay 
31 
54 
68 
81 
M=Sl 
=52=OV; 


tPLH 
An to G 
ns 
4.5 
sum 
So = 53 = 4.5 V; 
Fig. 7; Table 
1 


tPHLI 
p~paga.E0n delay 
32 
68 
M=51 
=52=OV; 


tPLH 
8n to G 
54 
81 
ns 
4.5 
sum 
So = S3 = 4.5 V; 
Fig. 7; Table 
1 


tpHLI 
p~paga.E.0n 
delay 
31 
68 


M=SO=53=OV; 


tPLH 
An to G 
54 
81 
ns 
4.5 
diff 
S1 = S2 = 4.5 V; 
Fig. 8; Table 
2 


tPHLI 
propagation 
delay 
M=SO=53=OV; 


tpLH 
Bn toG 
31 
54 
68 
81 
ns 
4.5 
diff 
S1 = 52 = 4.5 V; 
Fig. 8; Table 2 


4-bit 
arithmetic 
logic unit 
J 
---- 


74HC/HCT181 


MSI 


T amb (OCI 
TEST 
CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
Vcc 
MODE 
OTHER 


+25 
--40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


propagation 
delay 
M-5,-52-0V; 
tpHLI 
23 
41 
51 
62 
ns 
4.5 
sum 
50 = 53 = 4.5 V; 
tPLH 
An to P 
Fig. 7; Table' 


propagation 
delay 
I 


M=5,-S2=OV; 


tPHLI 
24 
41 
51 
62 
ns 
45 
sum 
50 = 53 = 4.5 V; 


tpLH 
8n to P 
Fig. 7; Table 
1 


propagation 
delay 
I 


M-50=53-0V; 
tpHLI 
23 
40 
50 
60 
ns 
4.5 
diff 
51 = 52 = 4.5 V; 
tpLH 
An toP 
Fig. 8; Table 2 


propagation 
delay 
M-50-53-0V; 
tPHLI 
23 
40 
50 
60 
ns 
4.5 
dill 
51 = 52 = 4.5 V; 
tPLH 
8n to P 
Fig. 8; Table 2 


propagation 
delay 
M=51-S2-0V; 
tPHLI 
33 
58 
73 
87 
ns 
4.5 
sum 
50 = S3 =4.5 
V; 
tpLH 
Ai to Fi 
Fig. 7; Table' 


I 


I 


M=5, 
=52=OV; 
tPHLI 


I 


propagation 
delay 
34 
58 
73 
87 
ns 
4.5 
sum 
50 = 53 = 4.5 V; 
tPLH 
B; to Fj 
Fig. 7; Table' 


tPHLI 
I 


propagation 
delay 
I 
I ns 


M=50=S3-0V; 
33 
57 
71 
86 
4.5 
dill 
51 = S2 = 4.5 V; 
tPLH 
Ai to Fj 
Fig. 8; Table 2 


propagation 
delay 


I 


M-50-53-0V; 
tpHLI 
33 
57 
71 
86 
ns 
4.5 
diff 
51 = 52 = 4.5 V; 
tpLH 
B; to Fj 
Fig. 8; Table 2 


tPHLI 
propagation 
delay 
81 
4.5 
logic 
M = 4.5 V; 
tpLH 
Ai to Fj 
29 
54 
68 
ns 
Fig. 8; Table 3 


tPHLI 
propagation 
delay 
81 
4.5 
logic 
M = 4.5 V; 
33 
54 
68 
ns 
Fig. 8; Table 3 
tPLH 
Bi to Fi 


tpHLI 
propagation 
delay 
M -5, 
52 -0 
V; 
30 
53 
66 
80 
ns 
4.5 
sum 
So = 53 =4.5 
V; 
tPLH 
An to Cn+4 
Fig. 8; Table 1 


tpHLI 
propagation 
delay 
M=5, 
=S2=OV; 
31 
53 
66 
80 
ns 
4.5 
sum 
50 = S3 = 4.5 V; 
tPLH 
Sn to Cn+4 
Fig. 8; Table 1 


tPHLI 


I 


propagation 
delay 
M =50 
=S3 =0 V; 


30 
55 
69 
83 
ns 
4.5 
dill 
5, 
= 52 =4.5 
V; 
tPLH 
An to Cn+4 
Fig. 10; Table 2 


tpHLI 
I 


propagation 
delay 
M = So = S3 = 0 V; 
34 
55 
69 
83 
ns 
4.5 
dill 
5, 
= S2 =4.5 
V; 
tPLH 
Bn to Cn+4 
Fig. 10; Table 2 


tPZLI 


I 


propagation 
delay 
M = 50 - S3 - 0 V; 
34 
60 
75 
90 
ns 
4.5 
dill 
5, 
= 52 =4.5 
V; 
tPLZ 
An to A=B 
Fig. 11; Table 2 


propagation 
delay 
M=50=S3-0V; 
tPZLI 
35 
60 
75 
90 
ns 
4.5 
diff 
5, 
= S2 = 4.5 V; 
tpLZ 
Bn to A=B 
Fig. '1; 
Table 2 
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I 
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ii, 
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" 


VMlll 


~ 


I 


en "'4 
VMlll 


JZ96!1'f2 
tTHL 
__ 
__ 
.- 
__ 
tTLH 


Fig. 10 Propagation 
delays for operands 
to carry output. 


Note 
to AC waveforms 


(1) 
He 
: VM = 50%; VI = GND to Vee. 


HCT: 
VM = 1.3V; 
VI = GND t03V. 


Note to Fig. 12 


A and B inputs and F outputs 
of "181" 
are not shown. 


74HC/HCT181 


MSI 


Fig. 11 Waveforms 
showing the input (Ai, Bil to output 
(A=B) propagation 
delays and output 
transition 
time of 
the open drain output 
IA=Bl. 


___ 
J 


• 
Provides 
carry 
look-ahead 
across a 


group 
of 
four 
AlU's 


• 
Multi-level 
look-ahead 
for 
high-speed 


arithmetic 
operation 
over long word 


length 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT182 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with 
low power 
Schottky 


TTL 
(LSTTL). 
They 
are specified 
in 


compliance 
with 
JEDEC 
standard 
no_ 7A. 


The 74HC/HCT182 
carry 
look·ahead 


generators 
accept 
up to four pairs of 


~tive 
LOW carry 
propa~teJ.Po,E,,':b, 
P3) and carry 
generate 
(GO, G" 
G2, G3) 


signals and an active 
HI G H carry 
input 


(Cn). 
The devices 
provide 
anticipated 
active 
HIGH 
carries 
(Cn+x, 
Cn+y, 
Cn+z) 
across four 
groups 
of binary 
adders. 


The "182" 
also has active 
LOW carry 
propagate 
(P) and carry 
generate 
(<3) 
outputs 
which 
may be used for 
further 


levels of look -ahead. 


The logic 
equations 
provided 
at the 
outputs 
are: 


Cn+x 
= GO + POCn 


Cn+Y 
= Gl 
+ P1GO + P1POCn 


Cn+z 
= G2 + P2G 1 + P2P1 GO + P2P1 POCn 


G 
= G3 + P3G2 + P3P2Gl 
+ P3P2P1GO 


P 
= P3P2P1 Po 


The" 
182" 
can also be used with 
binary 


ALU's 
in an active 
LOW or active 
HIGH 


input 
operand 
mode. 
The connections 
to 
and from 
the ALU 
to the carry 
look-allead 


generator 
are identical 
in both cases. 


74HC/HCT182 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 


tPHL/ 
Pn to P 
CL=15pF 
11 
14 
ns 


tPLH 
~n to ~ny output 
VCC = 5 V 
17 
21 
ns 


Pn or Gn 
to any output 
14 
17 
ns 


Ct 
I 
input capacitance 
3_5 
3.5 
pF 


i 


CPO 


power dissipation 
notes 
1 and 2 
50 
50 
pF 
capacitance 
per package 


GND 
= a V; Tamb 
= 25°C; 
tr = tf = 6 ns 


Notes 


1. 
CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in p.W): 


Po = CPO 
X VCC' 
x fi + ~ (CL 
X VCC' 
x fol 
where: 


fj 
= input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa 
= 
output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 


:E (CL 
X VCC' 
x fol 
= sum of outputs 


2. 
For HC 
the condition 
is VI = GND 
to VCC 
For HCT the condition 
is VI = GND 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DI L; plastic 
ISOT38ZI. 


16-lead mini-pack; 
plastic 
(5016; 
SOT109Al. 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


3,1,14,5 
GO to G3 
carry generate inputs (active LOW) 


4,2,15,6 
Po to P3 
carry 
propagate 
inputs 
(active 
LOW) 


7 
P 
carry 
propagate 
output 
(active 
LOW) 


8 
GND 
ground 
(0 V) 


9 
Cn+z 
function 
output 


10 
G 
carry 
generate 
output 
(active 
LOW) 


11 
Cn+Y 
function 
output 


12 
Cn+X 
function 
output 


13 
Cn 
carry 
input 
(active 
HIGH) 


16 
VCC 
positive 
supply 
voltage 


4 
J 
2 
1 
15 
\4 
6 
5 


6 6 6 6 6 6 6 6 
Po 
Go 
P, 
G1 
P2 
G2 
PJ 
GJ 


o 
10 


CO 
10 


COO 
12 


13 
CI 
COI 
11 


CO2 


1293111 


Fig.3 
IEC logic symbol. 


74HC/HCT182 


MSI 
l 
_ 


c,,+~ 
12 


C""'V 
11 


Cn"'~ 
9 


c, 
GO 
Po 
G, 
G, 
P, 


I 
YV 
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INPUTS 
OUTPUTS 


Cn 
GO 
Po 
G1 
P1 
G2 
P2 
G3 
P3 
Cn+x 
Cn+y 
Cn+z 
G 
P 


X 
H 
H 
L 
L 
H 
X 
L 


X 
L 
X 
H 


H 
X 
L 
H 


X 
X 
X 
H 
H 
L 


X 
H 
H 
H 
X 
L 


L 
H 
X 
H 
X 
L 


X 
X 
X 
L 
X 
H 


X 
L 
X 
X 
L 
H 


H 
X 
L 
X 
L 
H 


X 
X 
X 
X 
X 
H 
H 
L 


X 
X 
X 
H 
H 
H 
X 
L 


X 
H 
H 
H 
X 
H 
X 
L 


L 
H 
X 
H 
X 
H 
X 
L 


X 
X 
X 
X 
X 
L 
X 
H 


X 
X 
X 
L 
X 
X 
L 
H 


X 
L 
X 
X 
L 
X 
L 
H 
H 
X 
L 
X 
L 
X 
L 
H 


X 
X 
X 
X 


I 


X 
H 
H 
H 


X 
X 
X 
H 
H 
H 
X 
H 


X 
H 
H 
H 
X 
H 
X 
H 


H 
H 
X 
H 
X 
H 
X 
H 


X 
X 
X 
X 
X 
L 
X 
L 


X 
X 
X 
L 
X 
X 
L 
L 


X 
L 
X 
X 
L 
X 
L 
L 


L 
X 
L 
X 
L 
X 
L 
L 


H 
X 
X 
X 
H 


X 
H 
X 
X 
H 


X 
X 
H 
X 
H 


X 
X 
X 
H 
H 


L 
L 
L 
L 
L 


H ~ HIGH 
voltage 
level 
L = LOW 
voltage 
level 


X = don't 
care 


74HC/HCT182 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPH LI 
propagation 
delay 
30 
120 
[150 
180 
2.0 
14 
24 
30 
36 
ns 
4.5 
Fig.6 
tPLH 
Pn to P 
11 
20 
26 
31 
6.0 


tpHLI 
propagation 
delay 


1 


55 
170 
215 


I 


255 


I 


2.0 


I 


20 
34 
43 
51 
ns 
4.5 
Fig.6 
tpLH 
Cn to any output 
16 
29 
37 
43 
6.0 


tPHLI 


I 


pr:9pagalion 
delay 
47 
145 


I 


180 


I 


220 
2.0 
17 
29 
36 
44 
ns 
4.5 
Fig.6 
tpLH 
Pn to G 
14 
25 
31 
38 
6.0 


47 
145 
180 
220 
2.0 
I 
tPHLI 
propagation 
delay 
17 
29 
36 
44 
ns 
4.5 
Fig.6 
I 


tPLH 
Pn to Cn+n 
14 
25 
31 
38 
6.0 
I 


tPH LI 
propagation 
delay 
44 
135 
170 
205 
2.0 


16 
27 
34 
41 
ns 
4.5 
Fig. 6 
tpLH 
Gn to Cn+n 
13 
23 
29 
35 
6.0 


tPHLI 
propagation 
delay 
41 
135 
170 
205 
2.0 


I 


15 
27 
34 
41 
ns 
4.5 
Fig. 6 
tPLH 
Gn to G 
12 
23 
29 
35 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 
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74HC!HCT182 


MSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: MSI 


The 
value of additional 
quiescent 
supply 
current 
(.6.ICC) for a unit 
load of 1 is given in the family 
specifications. 


To determine ./lICC per input. multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICI ENT 


~O, <31.PO, 1'1,1'2 
1.50 
Q3 _ 
030 


G2, P3. Cn 
1.25 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr= tf= 
6 ns;CL = 50p!' 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
--40 to +85 
--40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
17 
28 
35 
I 


42 I ns 
4.5 
Fig. 6 
tPLH 
Pn to P 


tPHLI 
propagation delay 
26 
43 
54 
65 
ns 
4.5 


I 


Fig. 6 
tPLH 
Cn to any output 


tPHLI 
propagation delay 
20 
33 
41 
50 
ns 
4.5 
Fig. 6 
tPLH 
Pn to G 


tPHLI 
propagation delay 
20 
33 
41 
50 
ns 
4.5 
Fig. 6 
tpLH 
Pn to Cn+n 


tPHLI 
propagation delay 
18 
32 
40 
48 
ns 
4.5 
Fig. 6 
tPLH 
Gn to Cn+n. Gn to G 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


'I( M,,'h 
1988 


74HC/HCT182 


MSI 
l 
_ 


Fig.6 
Waveforms 
showing 
the input 
(Pn, Cn, Gn) to 
any output 
propagation 
delays and the output 
transition 
times. 


\..,, r- 
I 


~L,,,"t" 


I 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCG 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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Note to Figs 7 to 10 


A and B inputs and F outputs 
of "181" 
are not shown. 
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74HC/HCT190 


MSI 


• 
Synchronous 
reversible counting 
• 
Asynchronous 
parallel load 
• 
Count enable control for synchronous 


expansion 
• 
Single up/down 
control 
input 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 
The 74HC/HCT190 are high·speed 
Si·gateCMOSdevicesand are pin 
compatible with low power Schottky 
TIL 
(LSTTLI. They arespecified in 


compliancewithJEOEC standardno. 7A. 
The 74HC/HCT190 are asynchronously 
presettable up/down BCD decadecounters. 
They contain four master/slaveflip·flops 
with 
internal 
gating and steering 
logic to 
provide 
asynchronous 
preset and 


synchronous 
count-up 
and count-down 


operation. 


Asynchronous parallel load capability 
permits 
the counter 
to be preset to any 
desired 
number. 
Information 
present 
on 


the parallel data inputs (DOto 03) is 
loaded 
into 
the counter 
and appears 
on 


the outputs when the parallel load (Pi:) 
input 
is LOW. 
As indicated 
in the function 


table, 
this operation 
overrides 
the counting 


function. 


Counting is inhibited by a HIGH level on 
the count enable (CE) input. When CE is 
LOW 
internal 
state changes are initiated 


synchronously by the LOW·to·HIGH 
t,!,nsition of the clock input. The up/down 
(U/O) input signal determines the direction 
of countin~ 
indicated 
in the function 


table. The CE input may go LOW when the 
clock 
is in either 
state, 
however, 
the 
LOW·to·HIGH CE transition must occur 
only when the clock is HIGH. Also, the 0/0 
input should be changedonly when either 
CE or CP is HIGH. 


(continued 
on next page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation delay 
22 
24 


I 


ns 


tPLH 
CPto Qn 
CL=15pF 
VCC = 5 V 


fmax 
maximum 
clock 
frequency 
28 
30 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 
power 
dissipation 
notes 1 and 2 
36 
38 
pF 


capacitance 
per package 


GNO = a V; Tamb = 25 ·C; tr = tf = 6 ns 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in IlWI: 


Po = CPOx VCC' x fi + ~ (CL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fa = output frequency in MHz 
VCC = supply voltage in V 


:!: (CL x VCC' x fol = sum of outputs 


2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16·lead01L: plastic IS0T38ZI. 
16·leadmini·pack: plastic (S016; SOT109AI. 


PIN NO, 
SYMBOL 
NAME AND FUNCTION 


3,2,6,7 
00 to 03 
flip.flop outputs 


4 
cr 
count enable input (active LOW) 


5 
U/O 
up/down input 


8 
GNO 
ground (0 V) 


11 
PI 
parallel load input (active LOW) 


12 
TC 
terminal 
count 
output 


13 
RC 
ripple clock output (active LOW) 


14 
CP 
clock input (LOW·to·HIGH, edgetriggered) 


15,1,10,9 
DOto 03 
data inputs 


16 
VCC 
positive supply voltage 
l 


J 


2CT-Of2Cr-g 


1.2.4CT-O 


1.2.4CT-9 


l 
_ 


74HC/HCT190 


MSI 


INPUTS 
OUTPUTS 


OPERATING 
MODE 
PC 
DID 
CE 
CP 
On 
Qn 


parallel 
load 
L 
X 
X 
X 
L 
L 
L 
X 
X 
X 
H 
H 


count 
up 
H 
L 
I 
r 
X 
count 
up 


count 
down 
H 
H 
I 
I 
r 
X 
count 
down 


hold 
(do nothing) 
H 
X 
H 
X 
X 
no change 


INPUTS 
TERMINAL 
COUNT 
STATE 
OUTPUTS 


U/D 
I 
CE 
CP 
Q() 
Q1 
QZ 
Q3 
TC 
RC 


H 
H 
X 
H 
X 
X 
H 
L 
H 
L 
H 
X 
H 
X 
X 
H 
H 
H 


L 
L 
L.J 
H 
X 
X 
H 
L 
L.J 


L 
H 
X 
L 
L 
L 
L 
L 
H 


H 
H 
X 
L 
L 
L 
L 
H 
H 
H 
L 
L.J 
L 
L 
L 
L 
L 
L.J 


H 
L 
I 
X 
r 
L.J= 
L 
= 


HIGH 
voltage 
level 
LOW voltage 
level 
LOW vOltage 
level one set-up 
time 
prior 
to the 
LOW-to-HIGH 
CP transition 
don't 
care 
LOW-to-H 
IGH 
CP transition 


one LOW 
level pulse 
TC goes LOW 
on a LOW-to-H 
IGH 
CP transition 


Overflow/underflow 
indications 
are 
provided 
by two 
types 
of outputs, 
the 
terminal 
count 
(TCl 
and ripple 
clock 
(RCI. 
The TC output 
is normally 
LOW and goes 


HIGH 
when 
a circuit 
reaches zero in the 
count-down 
mode 
or reaches 
"9" 
in the 
count-up-mode. 
The TC output 
will 


remain 
HIGH 
until 
a state change occurs, 
either 
by counting 
or presetting, 
or until 
U/D 
is changed. 
Do not 
use the TC output 
as a clock signal because 
it is subject 
to 
decoding 
spikes_ The TC ~nal 
is used 


internally 
to enable 
the 
RC output. 
When 
TC is HIGH 
and CE is LOW, 
the 
RC output 
follows 
the clock 
pulse 
(CP). This feature 
simplifies 
the design of multistage 
counters 
as shown in Figs 5 and 6. 


In Fig. 5, each RC output 
is used as the 
clock input to the next higher stage. It is 
only necessary 
to inhibit 
the first stage to 
prevent 
counting 
in all stages, since a 
HIGH 
on CE inhibits 
the 
RC output 
pulse 
as indicated 
in the function 
table. 
The 
timing 
skew between 
state changes 
in the 


first 
and last stages is represented 
by the 
cumulative 
delay 
of the clock 
as it ripples 
through 
the preceding 
stages. This can be 
a disadvantage 
of this configuration 
in 
some applications. 


Fig. 6 shows a method 
of causing 
state 
changes to occur 
simultaneously 
in all 
stages. The 
RC outputs 
propagate 
the 
carry/borrow 
signals in ripple 
fashion 
and 
all clock 
inputs 
are driven 
in parallel. 


In this configuration 
the duration 
of the 


clock 
LOW state must be long enough 
to 
allow 
the negative-going 
edge of the 
carry/borrow 
signal to ripple 
through 
to 
the last stage before 
the clock 
goes HI G H. 
Since the 
RC output 
of any package 
goes 


HIGH 
shortly 
after 
its CP input 
goes HIGH 
there 
is no such restriction 
on the HI G H- 
state duration 
of the clock. 


In Fig. 7, the configuration 
shown 
avoids 
ripple 
delays 
and their 
associated 
restrictions. 
Combining 
the 
TC signals 
from 
all the preceding 
stages forms 
the 
CE input 
for a given stage. An enable 
must 
be included 
in each carry 
gate in order 
to 
inhibit 
counting. 
The TC output 
of a given 
stage it not affected 
by its own IT signal 
therefore 
the simple 
inhibit 
scheme of 


Figs 5 and 6 does not apply. 


J"",,V 19861 ( 
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MSI 


DIRECTION 


CONTROLL 


RC 
~ 
'---- 
UfO 


~CE 


-r- 
UIO 


4>O--OCE 


'I (january 
1986 


74HC/HCT190 


MSI l 
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Sequence 


Load (presetl 
to BCD seven; 


count 
up to eight, 
nine, 
zero, 


one and two; 


inhibit; 


count 
down 
to one, zero, 


nine, 
eight and seven. 
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DC CHARACTERISTICS 
FOR 
74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications. 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
-40 
to +851-40to+125 
UNIT 
VCC 
WAVEFORMS 
+25 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


72 
220 
275 


1 


330 
2.0 
tPHLI 
propagation 
delay 
26 
44 
55 
66 
ns 
4.5 
Fig. 10 


tPLH 
CP to Qn 
21 
37 
47 
56 
6.0 


83 
255 
320 
385 
2.0 


tPHLI 
propagation 
delay 
30 
51 
64 
77 
ns 
4.5 
Fig. 10 
tPLH 
CP to TC 
24 
43 
54 
65 
6.0 


44 
150 
190 


1 


225 


1 


20 
tPHLI 
propagation 
delay 
16 
30 
38 
45 
ns 
4.5 
Fig. 11 


tPLH 
CP to RC 
13 
26 
33 
38 
6.0 


I 
I 


33 
130 
165 
195 
2.0 
tPHLI 
p~agation 
delay 
12 
26 
33 
39 
ns 
4.5 
Fig. 11 


tpLH 
CE to RC 
10 
22 
28 
33 
6.0 


I 


63 
220 
275 


1 


330 


I ns 


I 2.0 
tPHLI 
propagation 
delay 
23 
44 
55 
66 


1 
4 
.5 
Fig. 12 
tpLH 
On to Qn 
18 
37 
47 
56 
6.0 


63 
220 
275 
330 


I ns 
1 
2 
. 
0 
tPHLI 
propagation 
delay 
23 
44 
55 
66 
4.5 
Fig. 13 
tpLH 
PLto 
Qn 
18 
37 
47 
56 
6.0 


I 
1 


44 
190 


I 


240 
285 


1 


20 
tPHLI 
propagation 
delay 
16 
38 
48 
57 
ns 
4.5 
Fig. 14 
tPLH 
U/D 
to TC 
13 
32 
41 
48 
6.0 


50 
210 
265 


I 


315 


I ns 


1 


20 


I Fig. 
tPHLI 
propagation 
delay 
18 
42 
53 
63 
4.5 
14 
tpLH 
U/D 
to RC 
14 
36 
45 
54 
6.0 


I 
1 


75 


I 
95 
110 


1 


20 
19 
tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 15 
tTLH 
6 
13 
16 
19 
6.0 


I 


155 
28 
195 
235 
2.0 


I Fig. 
tw 
clock pulse width 
31 
10 
39 
47 
ns 
4.5 
10 
HIGH or LOW 
26 
8 
33 
40 
6.0 


100 
25 
125 
150 


I 


2.0 


tw 
parallel load pulse wioth 
20 
9 
25 
30 
ns 
4.5 
Fig. 15 
LOW 
17 
7 
21 
26 
6.0 


35 
8 
45 
55 
2.0 


trem 
removal 
time 
7 
3 
9 
11 
ns 
4.5 
Fig. 15 
PI: to CP 
6 
2 
8 
9 
6.0 


74HC!HCT190 


MSI l 
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Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


set-up 
time 
205 
61 
255 


1 


310 
2.0 


tsu 
OlD to CP 
41 
22 
51 
62 
ns 
4.5 
Fig. 17 


35 
18 
43 
53 
6.0 


set-up time 
100 
19 
125 
150 
2.0 


tsu 
On to PI 
20 
7 
25 
30 
ns 
4.5 
Fig. 16 


17 
6 
21 
26 
6.0 


set-up 
time 
140 
39 
175 
210 
2.0 


tsu 
IT to CP 
28 
14 
35 
42 
ns 
4.5 
Fig. 17 


24 
11 
30 
36 
60 


hold time 
I~ 


-44 
0 
0 
20 


th 
DID to CP 
-16 
0 
0 
ns 
4.5 
Fig. 17 


-13 
0 
0 
6.0 


hold time 
0 


1- 


14 
0 
0 
2.0 


th 
On to PL 
0 
-5 
0 
0 
ns 
4.5 
Fig. 16 


0 
-4 
0 
0 
6.0 


hold time 
0 


1- 


19 
0 
0 
2.0 


th 
CE to CP 
0 
-7 
0 
0 
ns 
4.5 
Fig. 17 


0 
-6 
0 
0 
6.0 


maximum 
clock 
pulse 
3.0 
8.3 
2.4 
2.0 
2.0 
fmax 
frequency 
15 
25 
12 
10 
MHz 
4.5 
Fig. 10 


18 
30 
14 
12 
6.0 


414 
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MSI 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications. 


Output 
capabil ity: 
standard 
ICC category: 
MSI 


Note to 
HCT types 


The value 
of additional 
quiescent 
supply 
current 
(b..ICC) for a unit 
load of 1 is yiven 
in the family 
specifications. 
To determine 
C!.ICC per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT 
LOAD 


COEFFICIENT 


On 
0.5 
CP 
0.65 
OlD 
1.15 


CE, PL 
1.5 


74HC/HCT190 


MSI l 
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AC CHARACTERISTICS 
FOR 74HCT 


GNO = a v; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation 
delay 
28 
48 
60 
72 
ns 
4.5 
Fig. 10 
tpLH 
CP to On 


tPHLI 
propagation 
delay 
34 
58 


1 
73 
87 
ns 
4.5 
Fig. 10 
tpLH 
CP to TC 


tPHLI 
propagation 
delay 
20 
35 
44 


I 


53 
ns 
4.5 
Fig. 11 
tpLH 
CP to RC 


tpH LI 
propagation 
delay 
18 
33 
41 
50 
ns 
4.5 
Fig. 11 
tpLH 
CE to RC 


tPH LI 
propagation 
delay 
44 
I 
55 


I 


66 
ns 
4.5 
Fig. 12 
24 
tPLH 
On to On 


tPHLI 
propagation 
delay 
29 
49 
61 
74 
ns 
4.5 
Fig. 13 
tPLH 
PLto 
On 


tPHLI 


I 


propagation 
delay 
24 
45 


I 


56 
I 
68 
ns 
4.5 
Fig. 14 
tPLH 
DID 
to TC 


tPHLI 
p~pagation 
delay 
26 
45 
56 
68 
ns 
4.5 
Fig. 14 
tPLH 
U/O to RC 


tTHLI 
output 
transition 
time 
7 
15 


1 
19 
22 
ns 
4.5 
Fig. 15 
tTLH 


tw 
cIock pu Ise width 
25 
10 
31 
38 
ns 
4.5 
Fig. 10 
HIGH or LOW 


parallel load pulse width 
I 


I 


4.5 
Fig. 15 
tw 
22 
12 
28 
I 
33 
ns 
LOW 
I 


I 


removal 
time 
7 
1 
9 
I 


11 
ns 
4.5 
Fig. 15 
trem 
PL to CP 


tsu 


set-up time 
42 
25 
53 
63 
ns 
4.5 
Fig. 17 
DID to CP 


tsu 
set-up time 
20 
10 
25 
30 
ns 
4.5 
Fig. 16 
On to PL 


tsu 
set~up time 
31 
18 
39 
47 
ns 
4.5 
Fig. 17 
CE to CP 


hold time 
a 
-18 
a 
a 
ns 
4.5 
Fig. 17 
th 
DID to CP 


hold time 
I 
a 
-6 
a 
a 
ns 
4.5 
Fig. 16 
th 
On to PL 


hold time 
a 
-10 
a 


I 


a 
ns 
4.5 
Fig. 17 
th 
CE to CP 


fmax 


maximum 
clock pul~e 
16 
27 
13 
11 
MHz 
4.5 
Fig. 10 
frequency 
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v 
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- 
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Fig. 10 Waveforms 
showing 
the clock 
ICPI to 
output 
10ni 
propagation 
delays, the clock 
pulse 


width 
and the maximum 
clock 
pulse frequency. 


Fig. 
11 Waveforms 
showing 
the clock 
and count 
enable inputs 
ICP, GEl to ripple 
clock 
output 
I RCI propagation 
delays. 


'""~'~ 


an 
OUTPuT 
VM'll 
1 


\~- 


Fig. 13 Waveforms 
showing 
the input IPCI to 


output 
10ni 
propagation 
delays. 


UID 
,NPUT 
'vM,n 
~ 
_ 


TCQUTPUT rlL 


----="'"{ 
.. 
J""If- 


RCOUTPUT 
L~ 


7Z93716 


Fig. 
14 
Waveforms 
showing 
the up/down 
count 


input 
10/01 
to terminal 
count 
and ripple 
clock 


output 
lTC, 
RCI propagation 
delays. 


Fig. 
15 
Waveforms 
showing 
the parallel 
load 


input (PI) 
pulse width, 
removal 
time 
to clock 
(e?) and the output 
{On) 
transition 
times. 


'I( M"oh 
1988 


74HC/HCT190 


MSI 


~~ 
IIfJ 
fJJ~:I_ 


Fig. 16 
Waveforms 
showing 
the set-up 
and hold 
times from 
the parallel 
load input 
(PLI to the 


data input 
IOn). 


Note to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GNO to VCc- 


HCT: 
VM = 1.3 V; VI = GNO to 3 V. 


Fig. 17 
Waveforms 
showing 
the set-up and hold 


times from 
the count 
enable 
and up/down 
inputs 
ICE. 0/01 
to the clock 
ICP). 


Note to 
Figs 16 and 17 


The shaded areas indicate when the input is permitted 
to change 
for predictable 
output 
performance. 
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74HC/HCT191 


MSI 


• 
Synchronous 
reversible 
counting 


• 
Asynchronous 
parallel 
load 


• 
Count 
enable 
control 
for 
synchronous 
expansion 


• 
Single 
up/down 
control 
input 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT191 
are high-speed 


Si-gate 
CMOS devices and are pin 


compatible 
with 
low 
power 
Schottky 


TTL 
(LSTTL). 
They 
are specified 
in 


compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT191 
are asynchronously 
presettable 
4-bit 
binary 
up/down 
counters. 
They 
contain 
four 
master/slave 
flip-flops 


with 
internal 
gating 
and steering 
logic to 


provide 
asynchronous 
preset and 


synchronous 
count-up 
and count-down 


operation. 


Asynchronous 
parallel 
load capability 


permits 
the counter 
to be preset to any 
desired 
number. 
Information 
present 
on 


the parallel 
data inputs 
(DO to D3) is 


loaded 
into the counter 
and appears 
on 


the outputs 
when 
the parallel 
load (PO 


input 
is LOW. As indicated 
in the function 


table, this operation 
overrides the counting 
function. 


Counting 
is inhibited 
by a HIGH 
level on 


the count 
enable (CE) input. 
When CE is 
LOW internal 
state changes are initialed 


synchronously 
by the 
LOW-to-H 
IGH 


transition 
of the clock 
input. 
The up/down 


(DID) 
input signal determines 
the direction 


of counting 
as indicated 
in the function 


table. 
The CE input 
may go LOW when 
the 


clock 
is in either 
state, 
however, 
the 
LOW·to-HIGH 
CE transition 
must occur 


only 
when 
the clock 
is HIGH. 
Also, 
the OlD 


input 
should 
be changed 
only 
when 
either 


CE or CP is HIGH. 


(continued 
on next page) 
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Fig. 1 Pin configuration. 
I 
~ 
__ 
---l 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation 
delay 
22 
22 
ns 
tPLH 
CP to Qn 
CL= 
15pF 


VCC = 5 V 


fmax 
maximum 
clock 
frequency 
36 
36 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 
1 and 2 
31 
33 
pF 
capacitance 
per package 


GND 
= a V; Tamb 
= 25 °C; tr = tf = 6 ns 


Notes 


1. 
CPD is used to determine 
the dynamic 
power 
dissipation 
(PD in IlW): 


PD = CPD x VCC' 
x fi + ~ ICL 
x VCC' 
x fa) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa 
= 
output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


L (CL x VCC' 
x fa) = sum of outputs 


2. 
For 
HC 
the condition 
is VI = GND 
to VCC 


For HCT the condition 
is VI = GND 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 
16·lead DI L; plastic 
IS0T38ZI. 


16·lead mini·pack; 
plastic 
15016; 
SOT109AI. 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


3,2,6,7 
QO to Q3 
flip-flop 
outputs 


4 
IT 
count 
enable 
input 
(active 
LOW) 


5 
aID 
up/down 
input 


8 
GND 
ground 
(0 V) 


11 
PI 
parallel 
load input 
(active 
LOW) 


12 
TC 
terminal 
count 
output 


13 
RC 
ripple 
clock 
output 
(active 
LOW) 


14 
CP 
clock 
input 
(LOW-to·HIGH, 
edge triggered) 


15,1,10,9 
DO to D3 
data inputs 


16 
VCC 
positive 
supply 
voltage 
l 
11 
15 
10 
b 


Pl 
00 
0, 
D, 
D3 


utD 
RC0-13 


4-0 
cE 
15 


CP 
12 


10 
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INPUTS 
OUTPUTS 


OPERATING 
MODE 


PL 
UID 
CE 
CP 
On 
On 


parallel 
load 
L 
X 
X 
X 
L 
L 


L 
X 
X 
X 
H 
H 


count up 
H 
L 
I 
t 
X 
count up 


count 
down 
H 
H 
I 
t 
X 
count 
down 


hold 
(do nothing) 
H 
X 
H 
X 
X 
no change 


INPUTS 
TERMINAL 
COUNT 
STATE 
OUTPUTS 


UID 
CE 
CP 
00 
01 
02 
03 
TC 
RC 


H 
H 
X 
H 
H 
H 
H 
L 
H 
L 
H 
X 
H 
H 
H 
H 
H 
H 


L 
L 
l..J 
H 
H 
H 
H 
L 
l..J 


L 
H 
X 
L 
L 
L 
L 
L 
H 


H 
H 
X 
L 
L 
L 
L 
H 
H 


H 
L 
l..J 
L 
L 
L 
L 
L 
l..J 


H 
L 
I 
X 
tl..J ~ 
L ~ 


HI G H voltage 
level 
LOW vOltage level 
LOW vOltage level one set-up time 
prior 
to the LOW-to-HIGH 
CP transition 
don't 
care 
LOW-to-H 
IGH CP transition 


one LOW level pulse 
TC goes LOW on a LOW-to-HIGH 
CP transition 


Overflow/underflow 
indications 
are 
provided 
by two 
types 
of outputs. 
the 
terminal 
count 
(TCI and ripple 
clock 
(RCI. 


The TC output 
is normally 
LOW and goes 
HIGH 
when 
a circuit 
reaches zero in the 
count-down 
mode or reaches "'5" 
in the 
count·up-mode. 
The TC output 
will 
remain 
HIGH 
until 
a state change occurs, 


either 
by counting 
or presetting, 
or until 
UID 
is changed. 
Do not 
use the TC output 
as a clock signal because it is subject to 
decoding 
spikes. 
The TC~nal 
is used 
internally 
to enable the 
RC output. 
When 
TC is HIGH 
and CE is LOW. the 
RCoutput 


follows 
the clock 
pulse (CPl. This 
feature 
simplifies 
the design of multistage 
counters 
as shown 
in Figs 5 and 6. 


In Fig. 5. each RC output 
is used as the 
clock 
input 
to the 
next 
higher 
stage. 
It is 
only 
necessary 
to inhibit 
the first stage to 
prevent 
counting 
in all stages, since a 


HIGH 
on CE inhibits 
the 
RC output 
pulse 
as indicated 
in the function 
table. 
The 
timing 
skew 
between 
state 
changes 
in the 
first and last stages is represented 
by the 
cumulative 
delay 
of the clock 
as it ripples 
through 
the preceding 
stages. This can be 
a disadvantage 
of this configuration 
in 
some applications. 


Fig. 6 shows a method 
of causing state 
changes to occur simultaneously 
in all 
stages. The 
RC outputs 
propagate 
the 
carry/borrow 
signals in ripple 
fashion 
and 
all clock 
inputs 
are driven 
in parallel. 


In this configuration 
the duration 
of the 
clock 
LOW 
state must be long enough 
to 
allow 
the negative-going 
edge of the 
carry/borrow 
signal to ripple 
through 
to 
the last stage before 
the clock 
goes HIGH. 


Since the 
RC output 
of any package 
goes 
HIGH 
shortly 
after 
its CP input 
goes HIGH 
there 
is no such restriction 
on the HIGH- 
state duration 
of the clock. 


In Fig. 7, the configuration 
shown 
avoids 
ripple 
delays 
and their associated 
restrictions. 
Combining 
the TC signals 
from 
all the preceding 
stages forms 
the 
EE input 
for a given stage. An enable 
must 
be included 
in each carry 
gate in order 
to 
inhibit 
counting. 
The TC output 
of a given 


stage it not affected 
by its own CE signal 
therefore 
the simple 
inhibit 
scheme of 


Figs 5 and 6 does not apply. 
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RC 


ENABLE 
-aCE 


CLOCK 
C'P 


74HC/HCT191 


MSI 


DIRECTION 
caNTRaLL 


~CP 


I 
via 


lc>O-~CE 


74HC/HCT191 


MSI l 
_ 


?L~ 


: ~ i I!~~~ 
~~~~~~~~~~~~~~ 


D, 
I 1'--- -------------- 


D 
3 --l 
I 
I ~-== = := = = = = = = = = == = = = 


C? --pu-u-u- 
uID::::::T:::.~~__ 
~ 
II 
- --f-~I 
,-------, 
CE 
jil, L- 
--' 
L-...L 
_ 


I 
II 
OO::::::~~II 


0, ::::::i--+-Jl- 


0, ::::::flIl--~-'---'---~__ 
::==~ 
n 
--- 
II 
----;-1---~I 
--I 
-~ 
-_-_-_-_-_-_-_-_-_-_-_ 


RC 
=:::~'lIl---J, 
131" 
15 
0 
"I 
,!, 
I·, 
~ 
15 
" 
13 I 
'~II~_-~ 
C~O"UNTNT 
UP - 
INHIBIT _i 
_-- 
COUNT 
DOWN 
--_ 


LOAD 
1Z93720 


Sequence 


Load (preset) 
to binary 
thirteen; 


count 
up to fourteen, 
fifteen, 


zero, 
one and two; 


inhibit; 


count 
down 
to one, zero, 
fifteen, 


fourteen 
and thirteen. 
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MSI 


DC CHARACTERISTICS 
FOR 
74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pf' 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
72 
220 


I 


275 
330 
2.0 
26 
44 
55 
66 
ns 
4.5 
Fig. 10 
tpLH 
CP to On 
21 
37 
47 
56 
6.0 


tPHLI 
propagation 
delay 
83 
255 


I 


320 
395 
2.0 
30 
51 
64 
77 
ns 
4.5 
Fig. 10 


tpLH 
CP to TC 
24 
43 
54 
65 
6.0 


tPHLI 
propagation 
delay 
47 
150 


I 


190 


I 


225 
2.0 


I 


17 
30 
38 
45 
ns 
4.5 
Fig. 11 
tPLH 
CP to RC 
14 
26 
33 
38 
6.0 


tPHLI 
propagation 
delay 
33 
130 


I 


165 
195 
2.0 
12 
26 
33 
39 
ns 
45 
Fig. 11 
tPLH 
IT to RC 
10 
22 
28 
33 
6.0 


tPHLI 
propagation 
delay 
61 
220 
I 
275 
330 
I 2.0 
22 
44 


I 


55 
66 
ns 
4.5 
Fig. 12 
tpLH 
On to On 
18 
37 
47 
56 
6.0 


I 


61 
220 
I 
275 
330 
2.0 


tPHLI 
propagation 
delay 


I 
PL to On 
22 
44 
55 
66 
ns 
4.5 
Fig. 13 


tPLH 
18 
37 
47 
56 
6.0 


tPHLI 
propagation 
delay 
44 
190 
240 
285 
2.0 
16 
38 
48 
57 
ns 
4.5 
Fig. 14 
tPLH 
DID to TC 
13 
32 
41 
48 
6.0 


tPHLI 
propagation 
delay 
50 
210 


I 


265 
315 
2.0 


18 
42 
53 
63 
ns 
4.5 
Fig. 14 
tpLH 
OlD to RC 
14 
36 
45 
54 
6.0 


tTHLI 
I 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 15 


tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
125 
28 
155 
195 
2.0 
tw 
HIGH or LOW 
25 
10 
31 
39 
ns 
4.5 
Fig. 10 
21 
8 
26 
33 
6.0 


parallel load pulse width 
100 
22 
125 
150 
2.0 
tw 
20 
8 
25 
30 
ns 
4.5 
Fig. 15 
LOW 
17 
6 
21 
26 
6.0 


removal 
ti me 
35 
8 
45 
55 
2.0 


trem 
PC to CP 
7 
3 
9 
11 
ns 
4.5 
Fig. 15 
6 
2 
8 
9 
6.0 
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MSI l 
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Tamb lOCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 
I s~·up 
time 
I~rI 


50 
255 


1 


310 


I 
I 


2.0 


I 
I 


tsu 
U/D to CP 
18 
51 
62 
ns 
4.5 
Fig. 17 


14 
43 
53 
6.0 


I ~go I 
I 


I 


I 
I 


set-up 
time 
19 
125 I 
150 
2.0 


tsu 
Dn to PC 
7 
25 I 
30 
ns 
4.5 
Fig. 16 


I 
I 17 
6 
21 
26 
6.0 


I 
! 140 
44 
175 
210 
20 
set-up 
time 


I tsu 
CEto 
CP 
28 
16 
35 
42 
ns 
4.5 
Fig. 17 


, 
24 
13 
30 
36 
6.0 


a 
-39 


I 


a 
a 


I 


2.0 


I 
I th 
hold time 


I 


OlD 
to CP 
. 0 
-14 
a 
a 
ns 
4.5 
Fig. 17 


;0 
-11 
0 
a 
6.0 


Ig 
-11 
a 
a 


I 


I 2.0 
hold 
time 
I 
th 
Dn to PL 
-4 
a 
a 
ns 
4.5 
Fig. 16 


10 
-3 
a 
a 
60 


Ig 


1-28 


I 


a 


I 


a 


1=-1 


2.0 
I 
I th 
hold time 


I 


CE to CP 
1- 
10 
0 
a 
4.5 
Fig. 17 


-8 
a 
I 
a 
6.0 
I 


maximum 
clock 
pulse 
4.0 
11 
3.2 
2.6 
2.0 


fmax 
frequency 
20 
33 
16 
13 
MHz 
4.5 
Fig. 10 
24 
39 
19 
15 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output 
capability: 
standard 
ICC category: 
MSI 


Note 
to HCT types 


The value of additional 
quiescent 
supply 
current 
161CCl for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Dn 
0.5 
CP 
0,65 
UfD 
1.15 


CE,PL 
1.5 


74HC/HCT191 


MSI 


74HC!HCT191 


MSI l 
- 


AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb lOCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
I max. 


tPHLI 
propagation 
delay 
26 
48 
60 
72 
ns 
45 
Fig. 10 
tpLH 
CP to Qn 
I 


tPHLI 
propagation 
delay 
32 
51 
64 
77 
ns 
45 
Fig. 10 
tPLH 
CP to TC 


tpHLI 
1 propagation 
delay 
19 


I 


35 
44 


I 


53 
ns 
4.5 
Fig. 11 


tPLH 
I 
CP to RC 


tPHLI 


I 


propagation 
delay 
19 
33 
41 
50 
ns 
4.5 
Fig. 11 
tpLH 
CE to RC 


I 


propagation 
delay 


I 


I 
tPHLI 
22 I 44 
55 
66 
ns 
4.5 
Fig. 12 
tPLH 
Dn to Qn 


tPHLI 
I 
propagation 
delay 
271 
46 
58 
69 
ns 
4.5 


I 


Fig. 13 
tPLH 
I 
PI to Qn 
i 


tpHLI 
propagation 
delay 
23 
45 


I 


56 
68 
ns 
45 
Fig. 14 
tPLH 
OlD to TC 


I tPHLI 
p!:9pagation 
delay 
24 
45 
56 
68 
ns 
4.5 
Fig. 14 
tPLH 
U/D to RC 


tTHLI 
output 
transition 
time 
I 
7 
15 


I 


19 
22 
ns 
4.5 
Fig. 15 
tTLH 


clock 
pulse width 
16 
9 


I 


20 
24 
ns 
45 
Fig. 10 
tw 
HIGH or LOW 


I 


parallel 
load pulse width 


I 


tw 
22 
11 
28 


I 


33 
ns 
4.5 
Fig. 15 
LOW 


removal 
time 


I 


7 
1 
9 
11 
ns 
4.5 
Fig. 15 
trem 
PI to CP 


tsu 
I 


set-up 
time 
41 
20 
51 
I 
62 


I 


ns 
4.5 


I 


Fig. 17 


I 
OlD to CP 


! 


tsu 
set-up 
time 
20 
9 
25 
30 
ns 


I 


4.5 
Fig. 16 
Dn to PI 


tsu 
I 


set-up 
time 
30 
18 
38 
I 
45 
ns 
4.5 
Fig. 17 
IT to CP 


hold time 
0 
-18 
0 


I 
I 


0 
ns 
4.5 
Fig. 17 
th 
OlD to CP 


I 


hold time 


I 


0 
-5 
0 
0 
ns 
4.5 
Fig. 16 
th 
Dn to PL 


hold time 
0 
-101 
0 
0 
ns 
4.5 


I 


Fig. 17 
th 
IT to CP 


fmax 
maximum 
clock pul~;e 
20 
33 
16 
13 
MHz 
4.5 
Fig. 10 
frequency 
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MSI 


Fig. 10 Waveforms 
showing 
the clock 
(CPI to 
output 
(On) 
propagation 
delays, 
the clock 
pu!se 


width 
and the maximum 
clock 
pulse frequency. 


clD 
'"PUT 
~VM'" 
~_ 


-I-'PLH 
~'PHL 


TCOUTPUT 
~ 
I ~ 


~- 
... 
-"PLHIr- 


RCOUTPUT 
L~ 


7293728 


Fig. 14 
Waveforms 
showing 
the up/down 
count 
input 
(OlD) 
to terminal 
count 
and ripple 
clock 
output 
lTC, 
RCI propagation 
delays. 


Fig. 
11 Waveforms 
showing 
the clock 
and count 
enable 
inputs 
ICP, eEl to ripple 
clock 
output 


(RCI 
propagation 
delays. 


\~- 


, 
1_IPLH_' 


Q 
n 
OUTPUT 
~rM'" 


Fig. 13 
Waveforms 
showing 
the input 
(PCI to 


output 
10ni 
propagation 
delays. 


Fig. 15 
Waveforms 
showing 
the parallel 
load 


input (PI) 
pulse width, 
removal 
time to clock 


(ep) and the output 
(On) 
transition 
times. 


'I(M,eoh 1988 


74HC/HCT191 


MSI 
l 
_ 


Fig. 16 
Waveforms 
showing 
the set·up 
and hold 


times 
from 
the parallel 
load input 
(PL.) to the 
data input 
IOnl. 


Fig. 
17 
Waveforms 
showing 
the set·up 
and hold 
times from 
the count 
enable 
and up/down 
inputs 
ICE, OIDI 
to the clock 
IC?). 


Note 
to AC waveforms 


(11 HC 
VM = 50%; VI = GNO 
to VCC' 


HCT: 
VM = 1.3 V; VI = GNO 
to 3 V. 


Note 
to Figs 16 and 17 


The 
shaded 
areas 
indicate 
when 
the 
input 
is permitted 
to change 
for predictable 
output 
performance. 


____ 
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74HC/HCT192 


MSI 


• 
Synchronous 
reversible 
counting 


• 
Asynchronous 
parallel 
load 
• 
Asynchronous 
reset 


• 
Expandable 
without 
external 
logic 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT192 
are high·speed 
Si-gate 
CMOS devices 
and are pin 
compatible 
with 
low 
power 
Schottky 
TTL 
(LSTTL). 
They 
are specified 
in 


compliancewithJEOECstandard 
no. 7A. 


The 74HC/HCT192 
are synchronous 
BCO up/down 
counters. 


Separate 
up/down 
clocks, 
CPU and 
CPO respectively, 
simplify 
operation. 
The outputs 
change state synchronously 
with 
the LOW-to-H 
IGH transition 
of 


either 
clock 
input. 
If the CPU clock 
is 
pulsed 
while 
CPO is held 
HIGH, 
the 
device 
will 
count 
up. If the CPO clock 
is 
pulsed 
while 
CPU is held HIGH, 
the 
device 
will count 
down. 
Only 
one clock 


input 
can be held 
HIGH 
at any time, 
or 


erroneous 
operation 
will 
result. 
The 
device 
can be cleared 
at any time by the 
asynchronous 
master 
reset input 
(MR); 


it may also be loaded 
in parallel 
by 
activati..!!9. the asynchronous 
parallel 
load 


input 
(PL). 


The 
"192" 
contains 
four 
master-slave 
JK 
flip-flops 
with 
the necessary steering 
logic 
to provide 
the asynchronous 
reset, load, 


and synchronous 
count 
up and count 
down 
functions. 


Each flip-flop 
contains 
JK feedback 
from 
slave to master, 
such that 
a LOW·to·HIGH 


transition 
on the CPD 
input 
will 
decreEse 
the count 
by one, while 
a similar 
transition 
on the CPu input 
will 
advance 
the count 
by one. 


(continued on next page) 


I PARAMETER 


TYPICAL 
SYMBOL 
CONDITIONS 
UNIT 
HC 
HCT 


tpHL/ 
propagation 
delay 
20 
20 
ns 
tpLH 
CPO' CPU to Qn 
CL = 15 pF 
VCC = 5 V 
45 
fmax 
maximum 
clock 
frequency 
40 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 


power 
dissipation 
notes 
1 and 2 
24 
2B 
pF 
capacitance 
per package 


GNO = 0 V; Tamb = 25 ·C; tr = tf = 6 ns 
Notes 


1. 
CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in !"Wj: 


Po = CPO x VCC' 
x fi + ~ (CL x VCC' 
x fa) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


L (CL 
X VCC' 
x fa) = sum of outputs 


2. 
For HC 
the condition 
is VI = GNO to VCC 
For 
HCT the condition 
is VI = GNO to VCC -1.5 
V 


PACKAGE 
OUTLINES 


16·lead 01 L: plastic 
(S0T38ZI. 


16·lead mini·pack: 
plastic 
IS016: 
SOT109AI.· 


PIN 
DESCRIPTION 


I PIN NO. 
SYMBOL 
I NAME 
AND 
FUNCTION 
I 


3,2,6,7 
QO to 03 
flip·flop 
outputs 


4 
CPO 
count 
down 
clock 
input"" 


5 
CPU 
count up clock input· 
8 
GNO 
ground 
(0 V) 


11 
PL 
asynchronous 
parallel 
load input 
(active 
LOWI 


12 
TCU 
terminal 
count 
up (carry) 
output 
(active 
LOW) 


13 
TCO 
terminal 
count 
down 
(borrow) 
output 
(active 


LOW) 


14 
MR 
asynchronous 
master 
reset input 
(active 
HIGH) 


15,1, 
10,9 
00 to 03 
data inputs 


16 
VCC 
positive 
supply 
voltage 


l 
_ 


74HC/HCT192 


MSI 


GENERAL 
DESCRIPTION 
(Continued) 


One clock should be held HIGH while coun· 
ting with 
the other, 
otherwise 
the circuit 


will 
either 
count 
by two's 
or not ai: all, 
depending on the state of the first flip·flop, 
which cannot toggle aslong aseither clock 
input 
is LOW. 
Applications 
requiring 
reversible 
operation 
must make 
the 
reversing 
decision 
while 
the activating 
clock 


is HIGH to avoid erroneous 
counts. 


The terminal count up (TCU) and terminal 
count down (TCD) outputs are no-mally 
HIGH. When the circuit has reachedthe 
maximum 
count 
state of 9, the next 
HIGH- 


to· LOW transition of CPU will causeTCU 
to go LOW. 
TCU will stay LOW until CPU goe'; HIGH 
again, 
duplicating 
the count 
up clock. 


Likewise, the TCD output will go LOW 
whE'n the circuit 
is in the zero state and 


the CPD goes LOW. The terminal count 
outputs can be used as the clock input 
signals to the next 
higher 
order 
circuit 
in a 


multistage 
counter, 
since they 
duplicate 


the clock 
waveforms. 
Multistage 
counters 


will 
not be fully 
synchronous, 
since there 


is a slight delay time difference added for 
eachstagethat is added. 


The counter may be preset by the 
asynchronous parallel load capability of 
the circuit. 
Information 
present 
on the 


parallel data inputs (DO to D3) is loaded 
into 
the counter 
and appears 
on the 
outputs 100 to 03) regardlessof the 
conditions of the clock inputs when the 
parallel load WII 
input is LOW. A HIGH 


level on the master reset (MRI input will 
disable the parallel load gates,override 
both clock inputs and set all outputs 
100 to 03) LOW. If one of the clock 
inputs 
is LOW 
during 
and after 
a reset or 
load operation, the next LOW·to·HIGH 
transition of that clock will be interpreted 
asa legitimate signal and will be counted. 


INPUTS 
OUTPUTS 
OPERATING MODE 
DO I D1 I 
Q2T 03 
MR 
PL 
CPU 
CPD 
D2 
°3 
00 
Q1 
TCU 
TCD 


reset (clear) 
H 
X 
X 
L 
X 
IX 
X 
X 
L 
L 
L 


I t 
H 
L 
H 
X 
X 
H 
X 
I 
X 
X 
X 
L 
L 
L 
H 
H 


L 
L 
X 
L 
L 
L 
L 
L 
L 
L 
L I t 


H 
L 


parallel load 
L 
L 
X 
H 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
X 
H 
X 
X 
H 
On = Dn 
L 
H 


L 
L 
H 
X 
H 
X 
X 
H 
On = Dn 
H 
H 


count 
up 
I 
L 
H 
t 
H 
X 
X 
X 
X 
count 
up 
H* 
H 


count 
down 
I 
L 
H 
H 
t 
X 
X 
X 
X 
count 
down 
H 
H** 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW·to·HIGH clock transition 


M'~h 19881 ( 


* 
TCu = CPu at terminal count up (HLLH) 


** TCD = CPD at terminal count down ILLLL) 


74HC/HCT192 


MSI 


MRIII --fl~ 
_ 


: ~============== 
D, JrU--U----- -------------- 


:: 
-J II 
u=============-===== 


I 
CPU'" JLli_l~UUl--.J 
I 


CPDI"~ 
I 


00~=~1 
I 
I 


-- 
I 
I 
I 


:: ==11 
j I 
I: 
__ 
===__ ~ 


0, ~:JI 
I I 
I r-i 
ILL 


I 
I 
I! 
I 
~----i-~---- 
i 


I, 
II 
I 
U 
I 
I 


Jol_ J11_'_':oUN/UP-' 
_,I 
1_, 
C~~~OWN-' 
_71",,,,, 


(1) Clear overrides 
load, data and 
count 
inputs. 


(2) 
When 
counting 
up the count 
down 
clock 
input 
ICPD) 
must 
be HIGH, 


when 
counting 
down 
the count 
up 


clock 
input 
(CPu) 
must 
be HIGH. 


Sequence 


Clear (reset outputs 
to zero); 


load 
(preset) 
to BCD seven; 


count 
up to eight, 
nine, 


terminal 
count 
up, zero, 


one and two; 


count 
down 
to one, zero, 


terminal 
count 
down, 
nine, 


eight, 
and seven. 


-rh 


I 
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Output capability: 
standard 


ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 


-40 to +125 I 


UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
V 


min. 
typo 
max. 
min. 
max. 
min. I max. 


I 


, 


66 


1 


215 


I 


270 


1 


325 
2.0 
tPHLI 
propagation delay 
24 
43 
54 
65 
ns 
4.5 
Fig. 7 
tpLH 
CPU, CPO to Qn 
19 
37 
46 
55 
6.0 


tPHLI 


I 


propagation delay 


I 


33 


1 


125 


1 


155 


I 


190 
2.0 
12 
25 
31 
38 
ns 
4.5 
Fig. 8 
tPLH 
CPU to TCU 
10 
21 
26 
32 
6.0 


tpHLI 
I 


propagation delay 


I 


39 
125 
155 
190 


I 


I 2.0 


tPLH 
CPO to TCO 
14 
25 
31 


1 
38 
ns 


1 


45 
Fig. 8 
11 
21 
26 
32 
6.0 


tPHLI 
propagation 
delay 


I 


69 
215 


1 


270 
325 


1 


20 


25 
43 
54 
65 
ns 
4.5 
Fig.9 
tpLH 
P[ to Qn 
20 
37 
46 
55 
6.0 


propagation delay 


I 


63 
200 
250 


I 


300 


I 


1 
2 


. 
0 


tPHL 
MR to Qn 
23 
40 
50 
60 
ns 
4.5 
Fig. 10 


18 
34 
43 
51 
6.0 


I tPHL 
I 


propagation delay 


I 


91 
275 


I 


345 


I 


415 


I 


I 2.0 


On to Qn 
33 
55 
69 
83 
ns 
/45 
Fig. 9 
26 
47 
59 
71 
6.0 


I 


propagation delay 
80 
240 
300 


I 


360 
2.0 


tPLH 
29 
48 
60 
72 
ns 
4.5 
Fig. 9 


I 


On to Qn 
23 
41 
51 
61 
6.0 


tpHLI 
propagation delay 
102 
315 
395 
475 
2.0 


~to 
TCU, 
37 
63 
79 
95 
ns 
4.5 
Fig. 12 
tpLH 
PL to TCO 
30 
54 
67 
81 
6.0 


tPH LI 


I 


propagation delay 


I 


96 
285 


I 


355 
430 
2.0 


MR to TCU, 
35 
57 
71 
86 
ns 
4.5 
Fig. 12 
tPLH 
MR to TCO 
28 
48 
60 
73 
6.0 


tPHLI 
propagation delay 
83 
290 
365 
435 
2.0 


On to TCU, 
30 
58 
73 
87 
ns 
4.5 
Fig. 12 
tpLH 
On to TCO 
24 
49 
62 
74 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 10 
tTLH 
6 
13 
16 
19 
6.0 


up clock pulse width 
120 
39 
150 
180 
2.0 


tw 
HIGH or LOW 
24 
14 
30 
36 
ns 
4.5 
Fig. 7 
20 
11 
26 
31 
6.0 


down clock pulse width 
140 
50 
175 
210 
2.0 


tw 
HIGH or LOW 
28 
18 
35 
42 
ns 
4.5 
Fig. 7 


24 
14 
30 
36 
6.0 


74HC/HCT192 


MSI 


Tamb (OCI 
TEST CONOITIONS 


74HC 
SYMBOL 
PARAMETER 


-40 
to +851-40 
to +125 
1 


UNIT 
VCC 
WAVEFORMS 
+25 
V 


min. I typo 
max. 
I min. 
max. 
! min. 
max. 
, 


Itw 


1 


80 Ir 


1 


100 


1 


120 
I 
2.0 
I 


master reset pulse width 
I F 
HIGH 
16 
20 
24 


I 


ns 
4.5 
I 
Ig. 10 


I 
14 
17 
20 
6.0 


i 
: 80 
22 


I 


100 


1 


120 


I 


i 
2.0 
tw 
parallel load pulse width 
, 16 
8 
20 
24 


I 


ns 
4.5 
Fig. 9 
LOW 
114 
6 
17 
! 20 
6,0 


removal 
time 


1 


50 
3 
65 


1 


75 


I 


20 


! trem 
PI to CPU, CPO 
10 
1 
13 
15 
ns 
4.5 
Fig.9 
9 
1 
11 
! 13 
6.0 


, 50 I~ 


65 


I 


1 


75 
I 2.0 
trem 
removal 
time 
13 
15 
I 4.5 
Fig. 10 
MR to CPU, CPO 
I ~o 
ns 
11 
, 13 
I 6.0 


set-up time 


1 


80 
22 
100 


I 


I ;~o 
i 2.0 
Fig. 11 
note: 


I 


tsu 
On to PI 
16 
8 
20 
ns 
4,5 
14 
6 
17 
20 
6.0 
CPu = CPD = HIGH 


hold time 
I~1- 


14 
0 


I I~ I 


2.0 


I 
th 
On to PI 
-5 
0 
ns 
4.5 
Fig. 11 
-4 
0 
6.0 
I 


hold time 


1 
80 
19 
100 I 


1 


120 
2.0 
th 
CPU to CPO' CPO to CPU ' 16 
7 
20 
24 
ns 
4.5 
Fig. 13 
14 
6 
17 
20 
6.0 


maximum 
up, down 
clock 
40 
12 
3.2 


1 


26 
2.0 
fmax 
pulse frequency 
20 
36 
16 
13 
MHz 
4,5 
Fig. 7 
24 
43 
19 
15 
6.0 


DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapte~ "HCMOS 
family 
characteristics", 
section 
"Family 
specifications. 


Output capabil ity: standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(.61CC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


On 
0.35 
~U' 
CPO 
1.40 
PL 
0.65 
MR 
1.05 


74HC/HCT192 
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AC CHARACTERISTICS 
FOR 74HCT 


GNO = OV;tr= 
tl= 
6 ns;CL = 50pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
I 


propagation 
delay 


I 
1 
23 
/43 
54 
65 
I 


ns 
4.5 
I Fig. 7 
tpLH 
CPU. CPO to Qn 


tpHLI 
propagation delay 
16 


1 
30 
38 
I 


45 
I 


ns 
4.5 
I Fig. 8 
tPLH 
I 
CPU to TCU 


tPH LI 


I 


propagation 
delay 
17 
30 
38 
45 
ns 
4.5 
I Fig. 8 
tpLH 
CPO to TCO 


tPHLI 
propagation delay 
28 
46 
58 


I 


69 
ns 
4.5 
Fig. 9 
tPLH 
PI to Qn 


propagation 
delay 
24 
40 
50 
i 
60 
ns 
4.5 
Fig. 10 
tpHL 
MR to Qn 


tPHLI 
propagation delay 


1 
36 
I 
I 


I 
I 


62 
78 
93 
ns 
4.5 
I Fig. 9 
tPLH 
On to Qn 
I 


tPHLI 
propagation delay 
80 
I 
I 


96 
4.5 


I 


Fig. 12 
36 
64 
I 
ns 
tPLH 
PI to TCU. PI to TeD 


tPHLI 
propagation 
delay 
36 
64 
80 
I 


96 
os 
4.5 
Fig. 12 
tPLH 
MR to TCu. MR to TCo 


tPHLI 
propagation delay 
33 


I 


58 
73 
j 
I 


87 
ns 
I 


4.5 
Fig. 12 
tPLH 
I 
On to TCU. On to feD 


tTHLI 
output 
transition 
time 


1 
7 
I 


15 
19 
I 
I 


22 
ns 
I 


4.5 
Fig. 10 
tTLH 
I 


Itw 
I 


up. down clock pulse width 
25 


1 
14 
I 


31 
38 
I 


ns 
I 


4.5 
Fig.7 
HIGH or LOW 


tw 


I 


master 
reset pulse wiath 
16 
6 
20 
24 
ns 
4.5 


I 


Fig. 10 
HIGH 


tw 
parallel load pulse width 
20 
10 
25 
30 
ns 


I 


4.5 
Fig. 9 
LOW 


removal 
time 


1 
10 
1 
I 


13 
15 
ns 
I 


4.5 
I Fig. 9 
trem 
PI to CPU. CPO 


I 


removal 
time 


1 
10 


1 
2 
13 I 


15 
I 


ns 
4.5 
I Fig. 10 
trem 
MR to CPU, CPO 


set-up time 


1 
8 
20 
24 
I 


ns 
4.5 
Fig. 11 
note; 
tsu 
On to PI 
16 
CPu = CPO = HIGH 


I 


hold time 
a 
-6 
a 
a 
I 


ns 
4.5 
Fig. 11 
th 
On to PI 


I 


hold time 
20 
9 
I 


25 
30 
I 


ns 
I 


4.5 
I 


Fig. 13 
th 
CPU to CPO' CPO to CPU 


fmax 


maximum 
up, down 
clock 
20 
41 
16 
13 
MHz 
4.5 
Fig. 7 
pulse frequency 


434 
D,oemb" 109D'I( 
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Fig. 7 Waveforms 
showing 
the clock 
1CPU, CPD) to 
output 
IQn) 
propagation 
dela,!s, the clock 
pulse width 
and the maximum 
clock 
pulse frequency. 


Fig.8 
Waveforms 
showi.':'Jl th':....,:.iock 1CPU, CPD) to 


terminal 
count 
output 
1TCU, TCD) 
propagation 
delays. 


I 


- 
tw -1_ 
(rem_Ir 
M 


'" 
-'t ' 
VM(l) 


i-'PLH_V-~ 


an 
OUTPUT 
~VMllJ 
~ 


JZ93732,2 


Fig. 
10 
Waveforms 
showing 
the master 
reset input 
IMR) 
pulse width, 
MR to Qn propagation 
delays, 
MR 
to CPu, 
CPO removal 
time 
and output 
transition 
times. 


Fig. 9 Waveforms 
showing 
the parallel 
load input WI) 
and data IDn) 
to Qn output 
propagation 
delays and 
PC removal 
time 
to clock 
input 
1CPU, CPD)' 


Note to Fig. 11 


The shaded areas indicate when the input is permitted 
to change 
for predictable 
output 
performance. 


, 


Fig. 11 
Waveforms 
showing 
the data input 
(Onl 
to 
III 
I 
parallel 
load input (pII set-ul' 
and hold 
times. 
------------------------- 


'1 (MarCh 1988 
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MSI 


Fig. 
12 Waveforms 
showing 
thE data input 
!Dnl. 
parallel 
load input 
(PLI 
and the master 
reset input 
(MRI 
to the 


terminal 
count 
outputs 
(TCU. 1'eo) propagation 
delays. 


Fig. 13 Waveforms 
showing 
the CPU to CPO or 
CPO to CPU hold 
times. 


Note to AC waveforms 


(1) 
HC 
: VM = 50%: VI = GNo 
to VCC· 


HCT: 
VM = 1.3 V; VI 
= GNo 
to 3 V. 


ilvnchronou$ 


plIr,lIelload.~, 


M,~h 19881 ( 
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• 
Synchronous reversible 4-bit binary 
counting 
• 
Asynchronous 
parallel load 
• 
Asynchronous 
reset 
• 
Expandable without 
external logic 
• 
Output 
capabi Iity: standard 
• 
ICC category: MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT193 are high·speed 
Si·gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL ILSTTLI. They are specified in 
compliance with JEOECstandard no. 7A. 
The 74HC/HCT193 are 4·bit 
synchronous 
binary 
up/down 
counters. 
Separateup/down clocks, CPUand 
CPOrespectively, simplify operation. 
The outputs changestate synchronously 
with the LOW·to·HIGH transition of 
either clock input. If the CPU clock is 
pulsed while CPOis held HIGH, the 
device will count up. If the CPOclock is 
pulsed while CPU is held HIGH, the 
device will 
count 
down. 
Only 
one clock 


input can be held HIGH at any time, or 
erroneous 
operation 
will 
result. 
The 


device can be cleared at any time by the 
asynchronous 
master 
reset input 
(MR); 


it may also be loaded in parallel by 
activati~ 
the asynchronous 
parallel 
load 
input (PLI. 


The "193" 
contains four master·slaveJK 


flip.flops with the necessarysteering logic 
to provide 
the asynchronous 
reset, load, 
and synchronous 
count 
up and count 
down 
functions. 


Eachflip·flop contains JK feedback from 
slaveto master, such that a LOW·to·HIGH 
transition 
on the CPD 
input 
will decrease 
the count 
by one, while 
a similar 
transition 


on the CPU input will advancethe count 
by one. 


(continued 
on next page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONOITIONS 
UNIT 


HC 
HCT 


tPHL/ 
propagation delay 
20 
20 
ns 


tpLH 
CPO, CPU to On 
CL = 15pF 
VCC = 5 V 
fmax 
maximum 
clock 
frequency 
45 
47 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
24 
26 
pF 
capacitance 
per package 


GNO = 0 V; Tamb = 25 ·C; tr = tf = 6 ns 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in IlW): 


Po = CPO x VCC' x fi + ~ (CL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC ~ supply voltage in V 
~ (CL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI ~ GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16·leadDI L; plastic (S0T38ZI. 
16·leadmini·pack; plastic 15016; SOT109AI. 
PIN DESCRIPTION 


PIN NO. 
SYMBOL 
I NAME ANO FUNCTION 


3,2,6,7 
00 to 03 
flip·flop outputs 


4 
CPO 
count 
down 
clock 
input" 


5 
CPU 
count 
up clock 
input- 


S 
GNO 
ground (0 V) 


11 
PL 
asynchronous parallel load input (active LOWI 


12 
TCU 
terminal count up (carry) output (active LOW) 


13 
TCO 
terminal 
count 
down 
(borrow) 
output 
(active 


LOW) 
14 
MR 
asynchronous 
master 
reset input 
(active 
HIGH) 


15,1,10,9 
00 to 03 
data inputs 


16 
VCC 
positive supply voltage 


11 
15 
10 


'" 
PL 


cPu 
TCU 
12 


13 


14 
IZ9J114 


l~__ 
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GENERAL 
DESCRIPTION 


One clock 
should 
be held HIGH 
while 
coun- 


ting with 
the other, 
otherwise 
the circuit 


will 
either 
count 
by two's 
or not at all, 


depending 
on the state of the first 
flip-flop, 


which 
cannot 
toggle as long as either 
clock 


input 
is LOW_ Applications 
requiring 


reversible 
operation 
must make 
the 


reversing 
decision 
while 
the activating 
clock 
is HIGH to avoid 
erroneous 
counts. 


The terminal 
count 
up (TCU) 
and terminal 


count 
down 
(TCO) 
outputs 
are normally 
HIGH. 
When the circuit 
has reached the 
maximum 
count 
state of15,the 
next HIGH- 


to-LOW 
transition 
of CPU will 
cause ICU 


to go LOW. 
TCU 
will 
stay 
LOW until 
CPU goes HIGH 


again, 
duplicating 
the count 
up clock. 


Likewise, 
the TCO 
output 
will 
go LOW 


when 
the 
circuit 
is in the 
zero 
state 
and 
the CPO goes LOW. The terminal 
count 


outputs 
can be used as the clock 
input 


signals to the next 
higher order 
circ..Jit in a 


multistage 
counter, 
since they 
duplicate 


the clock 
waveforms. 
Multistage 
counters 


will 
not be fully 
synchronous, 
since there 


is a slight 
delay 
time 
difference 
added for 
each stage that 
is added. 


The counter 
may be preset by the 
asynchronous 
parallel 
load capability 
of 


the circuit. 
Information 
present 
on the 


parallel 
data inputs 
(DO to 03) 
is loaded 
into 
the counter 
and appears 
on the 
outputs 
100 to 03) regardless 
of the 
conditions 
of the clock 
inputs 
when 
the 
parallel 
load IPI) input 
is LOW_ A HIGH 


level on the master 
reset (MR) 
input 
will 


disable 
the parallel 
load gates, override 
both 
clock 
inputs 
and set all outputs 
(00 to 03) LOW. 
If one of the clock 
inputs 
is LOW 
during 
and 
after 
a reset 
or 
load operation, 
the next 
LOW-to-HIGH 


transition 
of that 
clock 
will 
be interpreted 


as a legitimate 
signal and will 
be counted. 


I 


,- 
INPUTS 
OUTPUTS 


I 


OPERATING 
MODE 
I 
I 


MR 
PI 
CPU 
CPO 
DO 
01 
02 
03 
°0 
°1 
°2 
°3 
TeU 
TeD 


I 


reset (clear) 
[ 


H 
X 
X 
L 
X 
X 
X 
X 
L 


I 


L 
L 


I 


L 
H 
L 
H 
X 
X 
H 
X 
X 
X 
X 
L 
L 
L 
L 
H 
H 


L 
L 
X 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 


parallel 
load 
L 
L 
X 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 


L 
L 
L 
X 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 


L 
L 
H 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


count 
up 
L 
H 
t 
H 
X 
X 
X 
X 
count 
up 
H* 
H 


count 
down 
L 
H 
H 
t 
X 
X 
X 
X 
count 
down 
H 
H** 


H = HIGH 
voltage 
level 
L = LOW voltage 
level 


X = don't 
care 


t 
= LOW-to-HIGH 
clock 
transition 


J"",,y 19861 ( 


* 
TCu 
= CPu at terminal 
count 
up (HHHH) 
** 
TCo = CPO at terminal 
count 
down 
(LLLL) 


74HC/HCT193 


MSI 


(1) 
Clear overrides 
load, data and 
count 
inputs. 


(2) 
When 
counting 
up the count 
down 
clock 
input 
ICPD) 
must 
be HIGH, 


when 
counting 
down 
the count 
up 
clock 
input 
1CPU) must 
be HIGH. 


I 
u 


1T11= ~~~~~=~~~~~~~~~~~~ 


J 
i 
i 
i ~-============-===== 
J 
I 
I ~------------------- 


I 
UL..JLJULJ 


I 
I 
I 


cPol2l 
I 
1 I 
I 
ao==~ 
=-11 
II II 


I 
I 
I 
I 
I 
==~I~_~~_~ __~ 
==-~I~_~ 
__ ~ 


I 
II 
I 
u--------- 


J 0 1_~H_ 
1__14_~~OUNTOUP 
_' 
__ 
' I 
1__ 
,_ 
C~:-~-50-WN-_-14~~~~1J-1 
'-'-93722 


Sequence 


Clear 
(reset outputs 
to zero); 


load (preset) 
to binary 
thirteen; 


count up to fourteen, 
fifteen, 


terminal 
count 
UP. zero, 
one 
and two; 


count 
down 
to one, zero, 


terminal 
count 
down, 
fifteen, 


fau rteen and th ineen. 


'I( M'coh 
1988 
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DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS family characteristics". 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


63 
215 
270 
325 
2.0 
tpH LI 
propagation 
delay 
23 
43 
54 
65 
ns 
4.5 
Fig.7 
tPLH 
CPU. CPO to Qn 
18 
37 
46 
55 
6.0 


39 
125 
155 
190 


I ns 


2.0 
tPHLI 
propagation 
delay 
14 
25 
31 
38 
4.5 
Fig.8 


tPLH 
CPU to TCU 
11 
21 
26 
32 
6.0 


39 


1 


125 
155 I 


190 


1 


2.0 
tPHLI 
propagation 
delay 
14 
25 
31 
38 
ns 
4.5 
Fig. 8 


tPLH 
CPO to TCD 
11 
21 
26 
I 
32 
6.0 


69 


1 


220 


I 


275 


I 


330 


I 


2.0 
tPH LI 
propagation 
delay 
25 
44 
55 
66 
ns 
4.5 
Fig.9 
tPLH 
PC to Qn 
20 
37 
47 
56 
6.0 


58 
I 200 
250 


I 


300 
2.0 I Fig. 10 
tPHL 
propagation 
delay 
21 
/40 
50 
60 
ns 
4.5 
MR to Qn 
17 
34 
43 
51 
6.0 


69 
210 


I 


265 


I 
I 


315 


I 


1 
2 
. 
0 
tPHLI 
propagation 
delay 
25 
42 
53 
63 
ns 
4.5 
Fig.9 
tPLH 
On to Qn 
20 
36 
45 
54 
6.0 


80 


1 


290 
365 


I 
I 


435 


I 


2.0 
tPHLI 
p~agation 
delay 
29 
58 
73 
87 
ns 
4.5 
Fig. 12 
tPLH 
PL to TCU. PC to '(;0 
23 
49 
62 
74 
6.0 


74 
285 


1 


355 


I 


430 
2.0 
tPHLI 
propagation 
delay 
27 
57 
71 
86 
ns 
4.5 
Fig. 12 
tpLH 
MR to TCU. MR to TCD 
22 
48 
60 
73 
6.0 


I 


80 
290 
365 
435 
2.0 
tPHLI 
propagation 
delay 
__ 
29 
58 
73 
87 
ns 
4.5 
Fig. 12 
tPLH 
On to TCU. On to TCO 
23 
49 
62 
74 
6.0 


19 
75 
95 


I 


110 
2.0 
tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 10 
tTLH 
6 
13 
16 
19 
6.0 


100 
22 
125 
150 
2.0 
tw 
up. down 
clock pulse width 
20 
8 
25 
30 
ns 
4.5 
Fig. 7 
HIGH or LOW 
17 
6 
21 
26 
6.0 


master reset pulse width 
100 
25 
125 
150 
2 
2.0 
tw 
20 
9 
25 
30 
ns 
4.5 
Fig. 10 
HIGH 
17 
7 
21 
26 
6.0 


parallel 
load pulse width 
100 
19 
125 
150 
2.0 


tw 
20 
7 
25 
30 
ns 
4.5 
Fig. 9 
LOW 
17 
6 
21 
26 
6.0 


March 1988'I( 
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MSI 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 


1-40 
to +851-40 
to +125 
UNIT 
VCC 
WAVEFORMS 
+25 
V 


min. 
typo 
max. 
I min. 
max. 
min. 
I 
max. 
I 
I 


I 


removal 
time 
50 
8 


I 


1 
65 


1 


75 
2.0 


trem 
PI to CPU, CPD 
10 
3 
, 13 
15 
ns 
4.5 
Fig. 9 
9 
2 
111 
13 
6.0 


I 
50 
0 


I 
,65 


1 


75 


1 


20 


I 
trem 


I 


removal 
time 
10 
0 
13 
15 
ns 
4.5 
Fig. 10 
MR to CPU, CPD 
9 
0 
11 
13 
6.0 


I tsu 
I 
set-up 
time 
80 
22 
100 
120 
2.0 
I Fig. 11 note: 
I 


I 


Dn to PI 
16 
8 
! 20 
24 
ns 
4.5 


I 
14 
6 
17 
20 
6.0 
CPu = CPD = HIGH 


I 


0 
-14 
0 


I 


0 


1 
2 


. 
0 
I 


th 
hold time 
0 
-5 
0 
0 
ns 
4.5 
Fig. 11 
Dn to PI 
0 
-4 
0 
0 
I 
6.0 


hold time 
80 
22 
,100 
120 
2.0 


I Fig. 
th 
CPU to CPD, CPD to CPU 
16 
8 
.20 
24 
ns 
4.5 
13 


I 
8 
6 
117 
20 
6.0 


max imum 
up, down 
clock 
4.0 
13.5 


1 


32 
2.6 
2.0 


fmax 
pulse frequency 
20 
41 
16 
13 
MHz 
4.5 
Fig. 7 


I 
24 
49 
19 
15 
6.0 


DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications. 


Output capability: 
standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
6lCC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Dn 
0.35 


~U,CPD 
1.40 


PL 
0.65 
MR 
1.05 


74HC/HCT193 
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AC CHARACTERISTICS 
FOR 74HCT 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
23 
43 
54 
65 
ns 
4.5 
Fig. 7 
tpLH 
CPU. CPO to Qn 


tpHLI 
I 


propagation 
delay 
15 
27 
34 
I 


41 
ns 
4.5 
Fig.8 
tPLH 
CPU to TCU 


tpHLI 
propagation 
delay 
15 
27 


1 
34 


1 


41 
ns 


I 


4.5 
Fig.8 
tPLH 
CPO to TCO 


I tPHLI 
propagation 
delay 
26 
46 
58 
69 
ns 
4.5 
Fig. 9 
i tpLH 
PI to Qn 


ItPHL 
I 


propagation 
delay 
22 
40 
50 
60 
ns 
4.5 
Fig. 10 
MR to Qn 


I 
I 
1 
58 


I 


I Fig.9 
tPHLI 
propagation 
delay 
27 
46 
69 
I ns 
4.5 
tpLH 
On to Qn 
I 


tpHLI 
propagation 
delay 
31 
55 
I 
1 
69 
83 
i ns 
I 


4.5 
I Fig. 12 
tpLH 
PI to TCU. PL to feD 
I 


tPHLI 


I 


propagation 
delay 
29 
55 
169 
I 


83 
ns 
I 


4.5 
I Fig. 12 
I 


tPLH 
MR to TCU. MR to TCO 
I 
I 


tPHLI 
propagation 
delay 
58 
I 
1 
73 
I 


87 
I 
4.5 
1 Fig. 12 
I 
32 
I 


ns 
I 
tPLH 
On to TCU. On to TeD 


tTHLI 
I 
1 
19 
I 
1 


22 
I 


4.5 
I Fig. 10 
I 
output 
transition 
time 
7 
15 
ns 
j 
tTLH 


I 


up, down 
clock 
pulse width 


I 
I 
1 
38 
I 
I 
I F 
I 


tw 
25 
11 
31 
ns 
4.5 
I 
Ig. 7 
I 
HIGH or LOW 


tw 
master reset pulse width 
20 
7 
125 


1 
30 
ns 
I 


4.5 
I Fig. 10 
I 
HIGH 
I 


I 


I 
parallel 
load pulse width 
20 
8 
25 
30 
ns 
4.5 
Fig. 9 
I 
tw 
LOW 
I 


trem 
removal 
time 
10 
2 
13 
15 
ns 
4.5 
Fig.9 
I 
PC to CPU. CPO 
I 


removal 
time 
10 
0 
13 
15 
ns 
4.5 
Fig. 10 
I 


trem 
MR to CPU. CPO 


set-up time 
24 
I 


4.5 
Fig. 
11 
note: 


I 
tsu 
On to PL 
16 
8 
20 
ns 
CPU = CPO = HIGH 


hold time 
0 
-6 
0 
0 
ns 
4.5 
Fig. 11 
th 
On to PI 


hold time 
16 
7 
20 
24 
ns 
4.5 
Fig. 13 
th 
CPU to CPO. CPO to CPU 


fmax 
maximum 
up, down 
clock 
20 
43 
16 
13 
MHz 
4.5 
Fig. 7 
pulse frequency 


442 
December 1990'I( 


74HC/HCT193 


MSI 


-'w-I 


~ 
-'''H-I 


0, 
OUTPUT 
~~ 


7Z931JS 


Fig. 7 Waveforms 
showing 
the clock 
(CPU, CPD) to 
output 
IOn) 
propagation 
delays, the clock 
pulse width 


and the maximum 
clock 
pulse frequency. 


I_'''H_I 
~ 


O'OUTPUT~ 
~ 


lZ931J2.2 


Fig. 9 Waveforms 
showing 
the parallel 
load input 
(PL) 
and data (Dnl 
to On output 
propagation 
delays and 


PL removal 
time to clock 
input 
(CPU, CPD). 


Iff/l 


Fig.8 
Waveforms 
show~ 
th~lock 
(CPU, CPDI to 
terminal 
count 
output 
(TCU, 
TCD) 
propagation 
delays. 


Fig. 10 
Waveforms 
showing 
the master 
reset input 
(MRI 
pulse width, 
MR to On propagation 
delays, 
MR 
to CPUt 
CPO 
removal 
time 
and output 
transition 
times. 


Note to Fig. 11 


The shaded areas indicate 
when 
the input 
is permitted 


to change 
for predictable 
output 
performance. 


'I(MarCh 
1988 


74HC/HCT193 


MSI 
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Fig. 12 Waveforms 
showing 
the data input 
(On). 
parallel 


load input 
(I'[) and the master 
reset input 
(MR) 
to the 
terminal 
count 
outputs 
(TCU, 
TCO) 
propagation 
delays. 


Fig. 13 Waveforms 
showing 
the CPU to CPO or 


CPO to CPU hold 
times. 


Note to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GNO to VCC' 


HCT: 
VM=1.3V;VI=GNOt03V. 


____ 
J 
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FEATURES 


• 
Shift·left 
and shift-right 
capability 


• 
Synchronous 
parallel and serial data 


transfer 
• 
Easily expanded for both serial and 
parallel operation 
• 
Asynch ronous master reset 
• 
Hold ("do 
nothing") 
mode 


• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT194 are high-speed 
Si-gate CMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTLI. They are specified in 
compliance withJEOEC standardno. 7A. 
The functional characteristics of the 
74HC/HCT194 4-bit bidirectional 
universal 
shift registers are indicated 
in 


the logic 
diagram 
and function 
table. 
The 
registers 
are fully 
synchronous. 


The "194" 
designhasspecialfeature:; 
which increase the range of application. 
The synchronous 
operation 
of the 
device 
is determined 
by the mode 
select 


inputs (SO,Sll. As shown in the mocle 
select table, data can be entered and 
shifted from left to right 
IQO - Q1 ~ Q2, etc.1or, 
right to left 
IQ3 ~ Q2 ~ Q1, etc.) or 
parallel data can be entered, loading all 
4 bits of the register simultaneously. 
When both So and Sl are LOW, existing 
data is retained in a hold ("do nothing") 
mode. The first and last stagesprovide 
Ootypeserial data inputs 10SR, 0SLI to 
allow multistage shift right or shift left 
data transfers 
without 
interfering 
with 
parallel 
load operation. 


Mode select and data inputs are edge- 
triggered, responding only to the LOW- 
to-H IGH transition of the clock (CPI. 
Therefore, the only timing restriction is 
that the mode control and selecteddata 
(continued 
on next page) 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHLI 
propagation delay 
14 
15 
ns 


tPLH 
CPto Qn 
CL=15pF 
tpHL 
MR to Qn 
VCC = 5 V 
11 
15 
ns 


fmax 
maximum 
clock 
frequency 
102 
77 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
40 
40 
pF 
capacitance 
per package 


GNO = a V; Tamb = 25°C; tr = tf = 6 ns 


Notes 


1. CPO is used to determine the dynamic power dissipation.(Po in IlW): 


Po = CPOx VCC' x fi + ~ (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


1; (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 
16-leadDIL: plastic (SOT3821. 


16-leadmini-pack: plastic (SD16:SOT109AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
!ViR 
asynchronous master reset input (active LOW) 


2 
°SR 
serial data input (shift right) 


3,4,5,6 
DOto 03 
parallel data inputs 
7 
°SL 
serial data input (shift left) 
8 
GNO 
ground (0 V) 
9,10 
SO,Sl 
mode control 
inputs 
11 
CP 
clock input ILOW-to-HIGH edge-triggered) 


15,14,13,12 
QOto Q3 
parallel outputs 
16 
VCC 
positive supply voltage 


'0 


So 
s, 


DSR 


DO 
00 
15 


0, 
0, 
,. 
1,40 
15 


0, 
0, 
13 
3,40 


0, 
0, 
12 
3,40 
,. 


3,40 
13 
DSL 
C, 
MR 
3,40 
12 


11 7, 
7293138 
2,40 


lZ93/39.1 


Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 


INPUTS 
OUTPUTS 


OPERATING 
MODES 


So I 0SR 
I 0SL 
CP 
MFI 
S, 
On 
Qo 
Q, 
Q2 
Q3 


reset (clear) 
X 
L 
X 
xix 
Ix 
X 
L 
L 
L 
L 


hold 
("do 
nothing") 
X 
H 
I 
I 
Ix 
Ix 
X 
qo 
I ql 
q2 
q3 


shift 
left 
t 
H 
h 
I I~ I~ 


X 
ql 
q2 
q3 
L 


t 
H 
h 
I 
X 
ql 
q2 
q3 
H 


shift 
right 
t 


I 


H 
I 


I 


h 


I ~ 
I 


X 
X 
L 
qo I q, 
q2 


t 
H 
I 
h 
X 
X 
H 
qo 
ql 
q2 


I parallel 
load 
I~ 
h 
h I X 
I 


X 
dn 
dO 
dl 
d2 
d3 


inputs must be stable one set·up time 
prior 
to the positive 
transition 
of the 
clock 
pulse. 


The four 
parallel 
data inputs 
(DO to 03) 
are D·type 
inputs. 
Data appearing 
on the 
DO to 03 
inputs, 
when 
So and S, are 


HIGH, 
is transferred 
to the QO to Q3 
outputs respectively. 
following 
the next 


LOW-to-H 
IGH transition 
of the clock. 
When 
LOW, the asynchronous 
master 
reset (M R) overrides 
all other 
input 


conditions 
and forces the Q outputs 


LOW. 


The "194" 
is similar 
in operation 
to the 
"195" 
universal 
shift 
register, 
with 
added 
features 
of shift-left 
without 
external 
connections 
and hold 
("do 
nothing") 
modes of operation. 


H 
= HIGH 
voltage 
level 
h 
= HIGH 
voltage 
level one set-up 
time 
prior 
to the LOW-to-HIGH 
CP transition 


L 
= LOW vol tage level 


I 
= LOW voltage 
level one set-up 
time 
prior 
to the LOW-to-HIGH 


CP transition 
q,d= lower case leners indicate 
the 
state of the referenced 
input 
(or 
outputl 
one set-up time 
prior 
to 
the 
LOW-to-HIGH 
CP transition 
X 
= don't 
care 
t 
= LOW-to-H 
IG H CP transition 


J'o",'y 19861( 


______ 
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_is_t_e_r 
J 


MODe 


CONTROL 


INPUTS 


SERIAL 


DATA 


INPUTS 
°SL 


00 


PARALLEL 


DATA 
0, 


INPUTS 
°2 


°:1 


0" 


0, 


OUTPUTS 


0, 


0, 


74HC/HCT194 


MSI 


Fig. 6 Typical clear, clear-load, 
shih-right, 


shift-left, 
inhibit 
and clear timing 
sequences. 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
Ice category: 
MSI 


74HC/HCT194 l 


MSI 
----------------------------------- 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


I SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


I tPHL/ 
1 
47 
145 
180 
220 
2.0 
propagation delay 
17 
29 
36 
44 
ns 
4.5 
Fig. 7 
tpLH 
CP to On 
14 
25 
31 
38 
6.0 


39 


I 


140 
175 
210 
2.0 
I Fig.8 
tPHL 
propagation delay 
14 
28 
35 
42 
ns 
4.5 
MR to On 
11 
24 
30 
36 
6.0 


Ir 


75 


1 


95 


I 


110 
2.0 
tTHL/ 
output 
transition 
time 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 
13 
16 
19 
6.0 


I tw 


I 


80 
17 


I 


100 
120 
2.0 


I 
clock pulse width 
16 
6 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 
14 
5 
17 
20 
6.0 
! 
I 


I 


I 
120 


I 
2.0 
80 
17 
100 


I 
tw 
master 
reset 
pulse 
16 
6 
I 
20 
24 
ns 
4.5 
Fig.8 


width; 
LOW 
14 
5 
I 
17 
20 
6.0 
I 


60 
17 


I 


75 
90 
I 
2.0 


trem 
removal 
time 
12 
6 
15 
18 
I 
ns 
4.5 
Fig. 8 
I'JR to CP 
10 
5 
I 
13 
15 
6.0 


I 


70 
17 
90 
105 
2.0 
tsu 
set-up time 
14 
6 
18 
21 
ns 
4.5 
Fig.9 
On to CP 
12 
5 
15 
18 
6.0 


I 


I 


I 


I 
80 
22 
100 
120 
2.0 
tsu 
set-up time 
16 
8 
20 
24 
ns 
4.5 


I 


Fig. 10 


I 
SO' Sl to CP 
12 
6 
I 
17 
20 
6.0 


I 
70 
19 
90 
105 
2.0 


tsu 


I 


set-up time 
14 
7 
18 
21 
ns 
4.5 
DSR' DSL to CP 
12 
6 
15 
18 
6.0 


I 


I 


0 
-14 
0 
0 
2.0 


I 


th 
hold time 
0 
-5 
0 
0 
ns 
4.5 
Fig. 9 
On to CP 
0 
-4 
0 
0 
6.0 


I 
-11 
0 
0 
2.0 


I 


0 
hold time 
0 
-4 
0 
0 
ns 
4.5 
Fig. 10 
th 


I 


SO,s, to CP 
0 
-3 
0 
I 
0 
6.0 


0 


1- 


17 
0 
0 


I 


2.0 
hold time 
0 
-6 
0 
0 
ns 
4.5 
th 
DSR, DSL to CP 
0 
-5 
0 
0 
6.0 


6.0 
31 I 


4.8 
4.0 
2.0 


fmax 
maximum 
clock 
pulse 
30 
93 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 
35 
111 
28 
24 
6.0 


M",h 19881( 
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_is_t_e_r 
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74HC/HCT194 


MSI 


Output 
capability: 
standard 
ICC category: 
MSI 


Note 
to HCT types 


The value of additional 
quiescent 
supply 
current 
(L::dCC) 
for a unit 
load of 
1 is given in the family 
specifications. 


To determine 
61CC per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT 
lOAD 
COEFFICIENT 


Dn 
0.15 


DSR, DSl 
0.15 


CP 
0.50 


MR 
0.45 


Sn 
0.90 


74HC/HCT194 


MSI l 
_ 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


I 
Tamb (OC) 
TEST CONDITIONS 
II 


I SYMBOL 


74HCT 
PARAMETER 


I 


UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max·1 
min. 
max.j 
min. 
max. 


I tPHLI 


I 


propagation delay 


I 


18 
32 
40 
48 
ns 
4.5 
Fig. 7 


I tPLH 
CP to On 


I tpHL 
I 
p~agation 
delay 


I 
I 


18 
32 
40 


I 


48 
ns 
4.5 


I 


Fig. 8 
MR to On 


I 
I tTHLI 
I 
output 
transition 
time 
7 


1 
15 


I 
I 


19 


I 


22 
ns 


I 


4.5 


I 


Fig. 7 


I ::LH 


I 
I 
clock pulse width 
24 
4.5 
I 


Fig. 7 
I 
16 
7 
20 
ns 
HIGH or LOW 


! 


I tw 
I 


master reset pulse 
16 
7 


I 


20 
! 


I 


24 


I 


ns 


I 


4.5 


I 


Fig. 8 


i 
width; 
LOW 


I 


I 


removal 
time 


I 


I 
I 
I ns 
I 


trem 
12 
6 
15 I 
18 
4.5 
Fig. 8 


I 


MR to CP 


I 
I 


set-up time 


I 


21 
I 4.5 


I 


Fig. 9 


I tsu 
14 
7 
18 
ns 
Dn to CP 
I 


I 


I 


set-up time 
I 25 
I ns 
I 


4.5 
Fig. 10 
tsu 
20 
10 
30 


I 


SO.S1 to CP 
I 


tsu 
I 


set-up time 


I 


14 
18 
I 


21 
ns 


I 


4.5 
Fig. 9 


I 
DSR. DSL to CP 


I 
I 


hold time 
0 
-7 
0 


I 


0 
ns 


I 


4.5 
Fig. 9 
th 
On to CP 


th 
hold time 
0 
-5 
0 


I 


0 
ns 
4.5 
Fig. 10 
SO.S1 to CP 


hold time 
0 
I -7 
I 


0 
0 
ns 
4.5 
Fig.9 
th 
DSR. DSL to CP 


fmax 


maximum 
clock 
pulse 
30 
70 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 


______ 
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_i_st_e_r 
J 


~."" "\ 
f 
'- 
__ lw_1 


-tpHL- 
,-tPLH-1 


CoOUT'UT 
I 
V 
I" 
[ 


"'"" 
, 
_ 
_M'TH 
_ 
+i _ 'TLH 


Fig. 7 Waveforms 
showing 
the clock 
(CPI to 
output 
IOn) 
propagation 
delays, 
the clock 
pulse width, 
the output 
transition 
times and 


the maximum 
clock 
frequency. 


74HC/HCT194 


MSI 


lVM'lI,wd 


I 
-llr- 


~VMI" 


)-tPHL-1 


\VM'" 
[m 


Fig. 8 Waveforms showing the master reset 


L 


IMR) 
pulse width, 
the master 
reset to output 
IOn) 
propagation 
delays 
and the master 
reset 
to clock 
(CP) removal 
time. 
--- 


an 
OUTPUT 
/M"I 


Fig. 9 
Waveforms 
showing 
the set-up and 
hold times 
from 
the data 
inputs 
IOn, 
0SR 
and 0SL) 
to the clock 
(CPl. 


Fig. 10 
Waveforms 
showing 
the set-up and 


hold 
times from 
the mode 
control 
inputs 
(Sn) 
to 
the clock 
input 
(CPl. 


Note 
to Figs 9 and 10 


The shaded areas indicate 
when 
the input 
is 


permitted 
to change 
for predictable 
output 
performance. 


Note to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GNO to VCC- 


HCT: 
VM=1.3V;VI=GNOt03V. 


___ 
J 


74HC/HCT195 


MSI 


• 
Asynchronous 
master 
reset 


• 
J, K. (D) 
inputs 
to 
the 
first 
stalje 


• 
Fully 
synchronous 
serial 
or parallel 


data 
transfer 


• 
Shift 
right 
and 
parallel 
load 


capability 


• 
Complement 
output 
from 
the 
ast 


stage 


• 
Output 
capabil 
ity: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT195 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with 
low power 
Schottky 
TTL 


TTL 
I LSTTL). 
They 
are specified 
in 


compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT195 
performs 
serial, 
parallel, 
serial-to-parallel 
or parallel-to- 


serial data transfer 
at very high speeos. 
The 
"195" 
operates 
on two primary 
modes: 
shift 
right 
(00 
- 
01) 
and parallel 


load, 
which 
are controlled 
by the state of 


the parallel 
load enable 
(fiE) input. 
Serial 


data enters 
the first 
flip-f~ 
(00) 
vi2 the 
J and K inputs 
when 
the PE input 
is 


HIGH 
and shifted 
one bit in the direction 


00 - 
01 - 
02 - 
03 
following 
each 
LOW-to-H 
IGH clock 
transition. 
The J 
and K inputs 
provide 
the flexibility 
of the 


JK type 
input 
for special applications 
and 


by tYing 
the 
pins 
together, 
the simple 
O-type 
input 
for general 
applications, 


The 
"195" 
appears 
as four common 


clocked 
D flip-flops 
when the PE input 
is 
LOW. 


After 
the LOW-to-HIGH 
clock 
transition. 
data on the parallel 
inputs 
IDO to D3) is 


transferred to the respective 00 to 03 
outputs. 
Shift 
left 
operation 
103 - 
02) 
can be achieved by Wing the Qn oU!E.uts 
to the Dn.1 
inputs 
and holding 
the PE 


input 
LOW. 


(continued on next page) 


i 
TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
I 
UNIT 
He 
HCT 


tPHLI 
propagation 
delay 
CL=15pF 
15 
15 
I 


ns 
tpLH 
CP to On 
VCC = 5 V 
fmax 
maximum 
clock 
frequency 
57 
57 
MHz 


CI 
I input 
capacitance 
I 
3.5 
3.5 
pF 


I 


CPD 
I power 
dissipation 
I notes 
1 and 2 
105 
105 
pF 
capacitance 
per package 


Notes 


1. 
CPD is used to determine 
the dynamic 
power 
dissipation 
IPD in IlW): 


PD = CPD x VCC' 
x fi + ~ ICL 
x VCC' 
x fa} where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa 
= 
output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


~ ICL 
x VCC' 
x 10) = sum of outputs 


2. 
For HC 
the condition 
is VI = GND 
to VCC 
For HCT the condition 
is VI = GND 
to VCC - 
1,5 V 


PAC 
KAGE 
OUTLINES 


16-lead DI L; plastic 
(S0T38Zl. 


16-lead mini-pack; plastic (S016; 
SOT109A). 


PIN NO. 
I SYMBOL 
NAME 
AND 
FUNCTION 


1 
MR 
master 
reset input 
(active 
LOW) 


2 
J 
first 
stage J-input 
(active 
HIGH) 
3 
K 
first 
stage K-input 
lactive 
LOW) 
4,5.6,7 
DO to D3 
parallel 
data 
inputs 
8 
GND 
ground 
10 V) 


9 
PE 
parallel 
enable 
input 
lactive 
LOW) 


10 
CP 
clock 
input 
(LOW·to-HIGH 
edge-triggered) 
11 
03 
inverted 
output 
from 
the last stage 


15,14.13,12 
00 to 03 
parallel 
outputs 
16 
VCC 
positive 
supply 
voltage 


15 


1,20 


1,20 
1. 


13 


12 


11 


74HC/HCT195 


MSI l 
_ 


All parallel 
and serial data transfers 
are 
synchronous, 
occurring 
after 
each LOW- 
to-HIGH 
clock 
transition. 
There 
is no restriction 
on the activity 
of 
the J, K, On and PE inputs 
for logic 
operation 
other 
than the set-up and hold 
time 
requirements. 
A LOW on the 
asynchronous 
master 
reset (M R) input 
sets 
all Q outputs 
LOW, independent 
of any 


other 
input 
condition. 


Fig_ 4 
Functional 
diagram. 


FUNCTION 
TABLE 


OPERATING 
MODES 


03 


. asynchronous 
reset 
L 
X 
X 
X 
L 
L 
L 
L 
H 


shift, set first stage 


I 


H 
h 
h I h 


X 
H 
qO 
ql 
q2 
Ci2 


shift, reset first stage 
H 
h 
I 
I 
X 
L 
qO 
ql 
q2 
q2 


shift, 
toggle 
first 
stage 


I 


H 
h 
h 
I 
X 
Cia 
qO 
ql 
q2 
Q2 


shift. 
retain 
first 
stage 
H 
h 
I 
Ih 
X 
qO 
qO 
ql 
q2 
Q2 


I parallel 
load 
[EEII 
xix 
dn 
dO 
dl 
d2 
d3 
,b 


I 


PE 
00 
0, 
0, 


• 
Serial 
data 
transfer 


• 
Parallel 
data 
transfer 


• 
Serial-to-parallel 
data 
transfer 


• 
Parallel-to-serial 
data 
transfer 


H 
HIGH 
voltage 
level 
h 
HIGH 
voltage 
level one set-up 
time 
prior 
to the 
LOW-to-HIGH 
clock 
transition 
L 
LOW voltage 
level 
I 
LOW voltage 
level one set-up 


time 
prior 
to the LOW-to-HIGH 
clock 
transition 
q, d 
lower case letters 
indicate 
the 
state of the referenced 
input 


(or output) 
one set-up time 
prior 
to the LOW-to-HIGH 
clock 


transition 
X 
don't 
care 


t 
LOW-to-HIGH 
clock 
transition 


Mil-{)o--- 


'\l 


I\J 
V' 
'\l 


f 
f 
f 
f 


1Z81US 
Co 
C, 
c, 
cJ 
cJ 


Fig. 5 
Logic diagram. 
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74HC/HCT195 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max·1 
min. 
max. 
min. 
max. 


I 


50 
150 
190 
225 


I 


2.0 


tpHL/ 
propagation delay 
18 
30 
38 
45 
ns 
4.5 
Fig.6 
tpLH 
CP to On 
14 
26 
33 
38 
6.0 


41 
150 
190 


I 


225 


I 
I 


20 


I 


tPHL 
propagation delay 
15 
30 
38 
45 
ns 
45 
Fig. 7 
MR to On 
12 
26 
33 
38 
60 


I 


19 
75 
95 
110 
2.0 


I Fig. 


I 


I tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
6 
tTLH 
6 
13 
: 16 
19 
6.0 


I tw 


80 
17 
100 I 
120 
20 


I Fig.6 
I 


clock pu Isewidth 
16 
6 
20 
I 
I 


24 
ns 
4.5 
HIGH or LOW 
14 
5 
17 
20 
6.0 
I 


80 
11 


I 


100 I 
120 
2.0 


I 


tw 
master 
reset 
pulse 
width 
16 
4 
20 
24 
ns 
4.5 
Fig. 7 
LOW 
14 
3 
17 
I 
20 
6.0 


80 
17 


I 


100 I 


I 


120 
2.0 


I Fig. 7 
removal 
time 


trem 
MR to CP 
16 
6 
20 I 
24 
ns 
4.5 
14 
5 
17 
20 
6.0 


I 


100 
33 
125 
150 


I 


2.0 


tsu 
set-up 
time 
20 
12 
25 I 


30 
ns 
4.5 
Figs 8 and 9 
J to CP 
17 
10 
21 
26 
6.0 
I 


I 


80 
25 


I 


100 I 
120 


I 


2.0 


I 


tsu 


set-up time 
16 
9 
20 
24 
ns 
4.5 
Figs 8 and 9 
K, PE, On to CP 
14 
7 
17 
I 
20 
6.0 


3 
-8 
3 I 


3 
2.0 
hold time 
3 
-3 
3 
3 
ns 
4.5 
Figs 8 and 9 
th 
J, K, PE, On to CP 
3 
-2 
3 
I 
3 
6.0 


6 
17 
5 
4 
2.0 


fmax 
maximum 
clock 
pulsa 
30 
52 
24 
20 
MHz 
4.5 
Fig.6 
frequency 
35 
62 
28 
24 
6.0 


74HC!HCT195 


MSI l 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chaptl?r 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


Note to HCT types 


The value 
of additional 
quiescent 
supply 
current 
(tlICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


PE 
0.65 
all others 
0.35 


AC CHARACTERISTICS 
FOR 74HCT 


G N° = 0 V; tr = tf = 6 ns; C L = 50 p F 


!"Mwe 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


I 


min. 
typo 
max. I 


min. 
max. 
min. 
max. 


i 


I 
1 
40 


I 


tPHLI 
propagation 
delay 
18 
32 
48 
ns 
4.5 
I Fig. 6 


I tPLH 
CP to Qn 


I tPHL 
propagation 
delay 
17 
35 
44 


I 


53 
ns 
4.5 
Fig. 7 
MR to Qn 


I tTHLI 
I 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 


tTLH 


tw 
I 


clock pulse width 
20 
6 


1 
25 
I 
1 
30 
ns 
4.5 
Fig. 6 
HIGH or LOW 
I 


tw 
master reset pulse widt, 
16 
6 
20 


I 


24 
ns 
I 


4.5 
Fig. 7 
LOW 


removal 
time 
16 
6 
I 


20 
24 
ns 
4.5 
Fig. 7 
trem 
MR to CP 


tsu 


set-up time 
20 
12 
25 
30 
ns 
4.5 
Figs 8 and 9 
J, K, PE to CP 


tsu 
set-up time 
16 
6 
20 
24 
ns 
4.5 
Figs 8 and 9 
On to CP 


I 


hold time 
3 
-5 
3 
3 
4.5 
Figs 8 and 9 
th 
J, K, PE, On to CP 
ns 


fmax 
maximum 
clock 
pulse 
27 
52 
22 
18 
MHz 
4.5 
Fig. 6 
frequency 
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74HC/HCT195 


MSI 


Flffm", 
lVM''',w} 
1\ 


I-'PHL- 
-..-11_'PLH_! 
L 


VM III 


Fig.6 
Waveforms 
showing the clock (CP) to 
output 
(On) propagation 
delays, the clock 


pulse width, 
the output 
transition 
times and 


the maximum 
clock 
frequency. 


Fig.7 
Waveforms 
showing 
the master 
reset 
(MRI pulse width, 
the master 
reset to output 
(Onl propagation 
delays and the master 
reset to 


clock ICP) removal time 


-{.,,, 


PE 'NPUT IVM 


OI 
I 


-'~=1 I 
I thl_ 


CP'NPUT ~l 


an 
OUTPUT 
't_"_a_"-_, 
E 


Fig.9 
Waveforms 
showing 
the set-up and hold 
times from the parallel enable 
input (PElto 
the 


clock (CPI. 


Note to Figs. 8 and 9 


The shaded areas indicate 
when the input is 


permitted 
to change for predictable 
output 


performance. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3V. 
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74HC/HCT221 


MSI 


SUPERSEDES 
DATA 
OF 
APRIL 
1988 
DUAL 
NON-RETRIGGERABLE 
MONOSTABLE 
MUL TIVIBRATOR 
WITH RESET 


• 
Pulse 
width 
variance 
is typically 
less 


than 
± 5% 


• 
Pin-out 
identical 
to 
"123" 


• 
Overriding 
reset 
terminates 
output 


pulse 


• 
nB 
inputs 
have 
hysteresis 
for 


improved 
noise 
immunity 


• 
Output 
capability: 
standard 
(except 


for 
nREXT/CEXT) 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 
74HC/HCT221 
are high-speed 


Si-gate 
CMOS 
devices 
and are pin 


compatible 
with 
low 
power 
Schottky 
TTL 
(LSTTLl. 
They 
are specified 
in 


compliance 
with 
JEOEC 
standard 
no. 7A. 


The 
74HC/HCT221 
are dual 
non- 
retriggerable 
monostable 
multivibrators. 


Each multivibrator 
features 
an active 


LOW-going 
edge input 
(nAI 
and an aetive 


HIGH-going 
edge input 
(nB), 
either 
of 


which can be used asan enable input. 


Pulse triggering 
occurs 
at a particular 


voltage 
level and is not 
directly 
related 
to the transition 
time of the input pulse. 
Schmitt-trigger 
input circuitry 
for the 
nB inputs 
allow 
jitter·free 
triggering 
from 


inputs with slow transition 
rates, providing 
the circuit 
with 
excellent 
noise immunity. 


Once triggered, 
the outputs 
(nQ, 
nO) are 


independent 
of further 
transitions 
of nA 
and nB inputs 
and are a function 
of the 
timing 
components. 
The output 
pulses can 


be terminated 
by the overriding 
active 
LOW 
reset inputs 
(nRO), 
Input 
pulses may 
be of any duration 
relative 
to the output 


pulse_ 


Pulse width 
stability 
is achieved 
through 
internal 
compensation 
and is virtually 
independent 
of VCC 
and temperature_ 
In most applications 
pulse stability 
will 


only 
be limited 
by the accuracy 
of the 
external 
timing components. 


(continued 
on next page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 


I 


UNIT 
He 
HCT 


I pr~agatio~ 
delay 
CL = 15 pF 


tPHL 


I 


nA, 
nB, nRO to nQ, nO 
VCC = 5 V 
29 
32 
ns 


tpLH 
nA, 
nB, nRO to nQ, nO 
REXT= 
5 kn 
35 
36 
ns 
CEXT 
= 0 pF 


CI 
input capacitance 
3.5 
3.5 
pF 


CPO 
power dissipation 
notes 
1 and 2 
gO 
96 
pF 
capacitance 
per package 


1. CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in /lW): 


Po = CPO X VCC' 
x fi + r (CL x VCC' 
x fol + 0,33 
x CEXT 
x 
VCC' 
x fo + 0 x 28 x VCC where: 


fi 
= input 
frequency 
in MHz 
fo = output 
frequency 
in MHz 


r: (CL 
x VCC' 
x fol 
= sum of outputs 
CEXT 
= timing 
capacitance 
in pF 


2. For 
HC 
the condition 
is VI = GNO to VCC 


For 
HCT 
the condition 
is VI = GNO 
to VCC - 
1.5 V 


CL 
= output 
load capacitance 
in pF 


V CC 
= supply 
voltage 
in V 


o 
= duty 
factor 
in % 


PACKAGE 
OUTLINES 


16-lead 01 L: plastic 
(S0T38ZI. 


16-lead mini-pack: 
plastic 
15016: 
SOT109AI. 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,9 
1A,2A 
trigger 
inputs 
(negative-edge 
triggered) 


2,10 
1B,2B 
trigger 
inputs 
(positive-edge 
triggered 
1 


3,11 
1RO,2RO 
direct 
reset inputs 
(active 
LOW) 


4,12 
10,20 
outputs 
(active 
LOW) 


7 
2REXT/CEXT 
external 
resistor/capacitor 
connection 


8 
GNO 
ground 
(Q V) 


13,5 
1Q,2Q 
outputs 
(active 
HIGH) 


14,6 
lCEXT,2CEXT 
external 
capacitor 
connection 


15 
1REXT/CEXT 
external 
resistor/capacitor 
connection 


16 
VCC 
positive 
supply 
voltage 


74HC/HCT221 


MSI l 
- 


GENERAL 
DESCRIPTION 


The output pulse width is defined by the 
following 
relationship: 


tv; = CEXTREXTln2 
tw = 0.7CEXTREXT 


Pin assignments 
for the "22'" 
are identical 


to those of the "123" 
sothat the "221" 


can be substituted 
for those products in 


systems not using the retrigger 
by merely 
changing the value of REXT and/or 
CEXT· 


INPUTS 
OUTPUTS 


nRO 
nA 
nB 
nQ 
nci 


L 
X 
X 
L 
H 


X 
H 
X 
L (1) 
H(ll 


X 
X 
L 
L (ll 
Hill 
H 
L 
t 
J1.. 
LJ 


H 
.j, 
H 
J1.. 
LJ 


t 
L 
H 
J1.. (21 
LJI21 


H 
= HIGH voltage level 
L 
= LOW voltage level 
X 
= don't 
care 


t 
= LOW·to·HIGH level 


.j, 
= HIGH·to·LOW level 


J1..= one HIGH·level output puis., 
LJ 
= one LOW·level output pulse 


Notes 
to the function 
table 


1. If the monostable wastriggered before 


this condition 
was established 
the 


pulse will continue 
as programmed. 
2. For this combination 
the reset irput 


must be LOW and the following 
sequencemust be used: pin 1 lor 9) 
must be set HIGHar pin 2 lor 101set 
LOW; then pin 1 lor 9) must be LOW 
and pin 2 (or 10) set HIGH. Now the 
reset input goes from LOW·to-HIGH and 
the device will be triggered. 
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74HC/HCT221 


MSI 


~ 
~ 


1, 


}-CoCEXT 
VCC 
0 
0 
? 
? 
C 
FF 
GNO 
oil 
00 


lZ120lJ.2 


Note 


It is recommended 
to ground 
pins 6 (2CEXT) 
and 14 (lCEXT) 
externally 
to pin 8 (GND). 


7Z93290 
Vcc 


~'''' 


74HC/HCT221 


MSI l 
-- 


Output 
capability: 
standard 
(except 
nREXT/CEXT) 


ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 74HC 


GNO 
= 0 V; tr = tf 
= 6 ns; CL = 50 pF 


propagation 
delay 
(trigger) 
I' 


nA, 
nB to nO 


! tPLH 


i 
tPHL 


propagation 
delay 
(trigger) 
nRO 
to nO 


propagation 
delay 
(reset.l 
II 


nRO 
to nO 


propagation 
delay 
(reset) 
II 


nRO 
to nO 


I 


trigger pulse width 
nRO 
= LOW 


output 
pu Ise width 
nO = LOW 
nO = HIGH 


I 


I output 
pulse width 
nO or nO 


I 


output 
puI~ewidth 
nO or nO 


I 


I output 
pulse width 
nO or nO 


pulse width match 
between 
circuits 
in the package 


+25 


min.1 typo 


gO 
30 


18 
11 
I 
15 
9 


H Ir 


--40 
to +85 
--40 
to +125 


max. 
i 
min. 
max. 
I min. 
max. 


220 
44 
37 


~~ 
I ~~5 
23 
42 


180 
36 
31 


1 


195 
39 
33 


1 


200 
40 


,34 


63 
23 
I 18 


166 


1 
24 


19 


275 
55 
47 


305 
61 
52 


I 


~~5 


38 


245 
49 
42 


250 
50 
43 


225 
45 
38 


95 
19 
16 


I 95 


19 
16 


115 
23 
20 


1 


2.0 


4.5 
6.0 


2.0 
4.5 
6.0 


2.0 


I 
, 4.5 
6.0 


I 2.0 
, 4.5 
I 6,0 


1 
2.0 
I 4.5 


6.0 


1 


2.0 
45 
6.0 


CEXT=OpF; 
REXT 
= 5 kD; 


Fig. 
10 


1 


CEXT 
= 0 pF; 


REXT 
= 5 kD; 
Fig. 
10 


CEXT 
= 0 pF; 
REXT 
= 5 kD; 


Fig. 
10 


CEXT 
= 0 pF; 


REXT 
= 5 kD; 


Fig. 
10 


j 


CEXT=OPF; 
REXT 
= 5 kD; 
Fig. 
11 


I 
CEXT 
= 0 pF; 
REXT 
= 5 kD; 
I Fig. 
11 


I Fig. 
10 


1 


2.0 
ns 
4.5 
6.0 


2.0 


~s 
4.5 
6.0 


I 


I 2.0 


~s 
4.5 
6.0 


4.5 
% 
to 
5.5 


1 


2.0 


4.5 
6.0 


I 


CEXT 
= 100 nF; 
REXT 
= 10 kD; 


i Fig. 
10 


CEXT 
= 28 pF; 


REXT 
= 2 kD; 


Fig. 
10 


CEXT=lnF; 
REXT 
= 2 kD; 


Fig. 
10 


CEXT 
= 1 nF; 
REXT 
= 10 kD; 


Fig. 
10 
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74HC/HCT221 


MSI 


Tamb eC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


I 
min. 
I min. 
min. 
typo 
max. 
max. 
max. 


I 
rem~val 
tim~ 
100 
30 
125 
150 
2.0 


trem 
I 
nRD to nA 
20 
11 
25 
30 
ns 
4.5 
Fig. 9 


or nB 
17 
9 
21 
26 
6.0 


REXT 
external 
timing 
resistor 
10 
1000 - 
- 
kn 
2.0 
Fig. 12 
2 
1000 - 
- 
5.0 
Fig. 13 


CEXT 
external 
timing 
capacitor 
no limits 
pF 
2.0 
Fig. 12 


5.0 
Fig. 13 


Output capability: standard (except for nREXT/CEXTI 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current ("'ICC) for a unit load of 1 is given in the family specifications. 
To determine C>.ICCper input. multiply this value by the unit load coefficient shown in the table below. 


INPUT 
I 


UNIT LOAD 
COEFFICIENT 


nB 
0.30 
nA 
0.50 
nRO 
0.50 


AC CHARACTERISTICS 
FOR 74HCT 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pf: 


I 
I tPLH 


-40 to +125 


min. I max. 


ns 
14.5 


I ns 
I 


Ins 


I ns 


iI ns 


I 


I propagation delay (trig!ler) I 


nA, nRO to nQ 


I 


prop_agatio.".delay (trig!ler! 
I 


nA to nQ 


I 
I propagation delay (trim)er) I 


nB to nO 


I: propagation delay (trig!ler! I 


nRO to nIT 


I 


I 


I 


CEXT=OpF; 
REXT = 5 kn; 
Fig. 10 


CEXT = 0 pF; 
REXT = 5 kn; 
Fig. 10 


I 


CEXT = 0 pF; 
REXT = 5 kn; 
I Fig. 10 


I 
CEXT 
= 0 pF; 


REXT = 5 kn; 
Fig. 10 


I 


CEXT = 0 pF 
REXT = 5 kn; 
Fig. 10 


CEXT = 0 pF; 
REXT = 5 kn; 
Fig. 11 


I 


I CEXT = 0 pF; 


REXT = 5 kn; 
Fig. 11 


74HC/HCT221 


MSI l 
_ 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 10 
tTLH 


tw 
trigg~r pulse width 
20 
13 
25 
30 
ns 
4.5 
Fig. 10 
nA = LOW 


tw 
trigger pulse width 
20 
13 
25 
30 
ns 
4.5 
Fig. 10 
nB = HIGH 


tw 
puls~ width 
22 
13 
28 
33 
ns 
4.5 
Fig. 8 
nRD = LOW 


output pulse width 
CEXT = 100 nF; 


tw 
nO = LOW 
630 
700 
770 
602 
798 
595 
805 
/is 
5.0 
REXT = 10 kl1; 


nQ = HIGH 
Fig. 10 


trigger pulse width 
CEXT = 28 pF; 
tw 
nQ or nO 
140 
- 
- 
ns 
4.5 
REXT = 2 kl1; 
Fig. 10 


trigger pul~ width 
CEXT = 1 nF; 
tw 
nQ or nQ 
1.5 
- 
- 
/is 
4.5 
REXT = 2 kl1; 
Fig. 10 


trigger pulg> width 
7 


CEXT= 
1 nF; 
tw 
nO or nQ 
- 
- 
/is 
4.5 
REXT = 10 kl1; 
Fig. 10 


removal 
time 


trem 
nRD to nA 
20 
12 
25 
30 
ns 
4.5 
Fig.9 


or nB 


REXT 
external 
timing 
resistor 
2 
1000 
- 
- 
kl1 
5.0 
Fig. 13 


CEXT 
external 
timing 
capacitor 
no limits 
pF 
5.0 
Fig. 13 
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"" 
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~ 
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~ 
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1_-'w __ 
I 
lZ12009.1 


I 


oRO 
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1- 
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74HC/HCT221 


MSI 


74HC!HCT221 


MSI l 
_ 


)1' 
-'THL 


VUl11 
:::~:~--,w 


VMlll 


_I 
--tTLH 


Fig. 10 Waveforms 
showing 
the triggering 
of One Shot 
by input 


nA or input 
nB for one period 
(tw) 
and minimum 
pulse widths 


of the trigger 
inputs nA ana nS. 


--'PLH-r-:--- 
---lVM 


I11 


_ 


--- 
/Z21010.1 


Fig. 11 
Waveforms 
showing 
the reset to nQ and nO output 
propagation 
delays. 


Note 
to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC- 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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74HC/HCT221 


MSI 


pulse 
width 
tw 


I~sl 


:mil 


V 


/ 


:, 
I 


I 


I 


RX=100kn/ 
50kn 
/ 
," 


II 
10kn 
/ 
/ 


I 


1/ 
/ 
/ 


1/ 
/ 


, 
I 
I 
I 


, 


I 


10' 


timing capacitance (pF) 


l 
_ 


74HC/HCT221 


MSI 


pulse 
width 
tw 
I~sl 
I 
I 
V 


T 
I I 


I 
I III 
lJmf 
,- 
~Ok~1 
V 
A,X ,= ,100 kU / 


== 


I 
-t; 


~n 
I 
/ 
== 
-e- 
2kU 


/ 
/ 
7 


, 


I 
/ 


",,/ 
1/ '. 
m 
== 
: 
, 
, 
I 
I 
I 


T 
"" 
I 
I 
I 


~ 


./ 


107 
108 


timing capacitance (pF) 
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pulse 
width 


tw 


(~sl 


74HC/HCT221 


MSI 


107 


timing capacitance (pF) 


74HC/HCT221 


MSI l 
_ 


purse 
720 


•.• lOth 
1.0 


'w 


1"'$) 
715 


0.' 


710 


0.8 


10S 


0.1 


100 
8 
10 


Vec 
IV) 


Fig. 15 Typical 
output 
pulse width 
as a function 
of 


temperature; 
Cx = 0.1 JJF; RX = 10 Kfl; VCC = 5 V. 


Fig. 16 
k factor 
as a function 
of supply 
voltage; 


RX = 10 Kfl; Tamb 
= 25°C. 


Power-down 
consideration 


A large capacitor 
1CXl may cause problems 
when 
powering-down 


the monostable 
due to the energy 
stored 
in this capacitor. 
When 


a system containing 
this device 
is powered-down 
or a rapid 


decrease of V CC to zero occurs, 
the monostable 
may substain 


damage, 
due to the capacitor 
discharging 
through 
the input 


protection 
diodes. 
To avoid this possibility, 
use a damping 
diode 


(OXI 
preferably 
a germanium 
or Scrottky 
type 
diode 
able to 


withstand 
large current 
surges and connect 
as shown 
in Fig. 
17. 
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74HC/HCT237 


MSI 


• 
Combines 
J-to-8 
decoder 
with 
J·bit 
latch 
• 
Multiple 
input 
enable 
for easy 
expansion 
or independent 
controls 
• 
Active 
HIGH 
mutually 
exclusive 
outputs 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT237 
are high·speed 


Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL ILSTTL). 
They are specified 
in 


compliance 
with JEDEC standard 
no. 7A. 


The 74HC/HCT237 
are 3·to·8 line 
decoder/demultiplexers 
with latches at 
the three address 
inputs IAnl. The "237" 
essentially 
combines 
the 3-to-8 decoder 
function 
with a 3-bit storage latch. When 


the latch is enabled 
ICE = LOW), the 


"237" 
acts as a 3·to·8 active LOW decoder. 
When the latch enable 
ICE) goes from 


LOW-to-HIGH, 
the last data present 
at the 


inputs before this transition, 
is stored 
in 
the latches. 
Further 
address changes are 
ignored as long as CE remains HIGH. 


The output 
enable 
input IE1 and E2) 
controls the state of the outputs 
independent 
of the address 
inputs or latch 
operation. 
All outputs 
are HIGH unless 
E1 is LOW and E2 is HIGH. 


The "237" 
is ideally suited for 


implementing 
non-overlapping 
decoders 


in 3-5tate systems and strobed (stored 
address) 
applications 
in bus oriented 
systems. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 
An to Yn 
CL=15pF 
16 
19 
ns 
tPHL/ 
CE to Yn 
19 
21 
ns 
tPLH 
El to Yn 


VCC = 5 V 
14 
17 
ns 


E2 to Yn 
14 
17 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CpO 


power dissipation 
notes 
1 and 2 
60 
63 
pF 


capacitance 
per package 


GND = 0 V; Tamb = 25°C; 
tr = tf = 6 ns 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in I-lW): 


Po = CPO x VCC' 
x fi + ~ (CL x VCC' 
x fol where; 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo = output 
frequency 
in MHz 
VCC 
= supply voltage 
in V 
L ICL x VCC' 
x fo) = sum of outputs 


2. 
For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DIL; plastic 150T38Z). 
16-lead mini-pack; plastic (5016; 
50Tl09AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,2,3 
AO to A2 
data inputs 


4 
LE 
latch enable 
input (active LOW) 


5 
El 
data enable input lactive 
LOW) 


6 
E2 
data enable 
input (active HIGH) 


8 
GND 
ground 
10 V) 


15,14, 
lJ, 
12, 
YO to Y7 
multiplexer 
outputs 
11,10,9,7 


16 
VCC 
positive 
supply voltage 


AD 


A 
INPUT 
1 LATCHES 
A2 


Yo 
15 
Y, 


Y2 
13 


3-TO-8 
YJ 
12 


DECODER 
Y4 


Ys 
10 


Y,Y, 


74HC/HCT237 


MSI l 
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I 
INPUTS 
I 
OUTPUTS 


LE 
E, 
E2 
AO A, 
A2 
YO Y, 
Y2 
Y3 
Y4 
Ys 
Ys 
Y7 


H 
L 
H 
X 
X 
X 
stable 


X 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 


X 
X 
L 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 


L 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 


L 
L 
H 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 


L 
L 
H 
H 
H 
L 
L 
L 
L 
H 
L 
L 
L 
L 


L 
L 
H 
L 
L 
H 
L 
L 
L 
L 
H 
L 
L 
L 


L 
L 
H 
H 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 


L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
H 
L 


L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 


H = HI G H voltage 
level 
L = LOW 
voltage 
level 


X = don't 
care 


A"9"" 19871 ( 
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MSI 


"-{>O-{>=»~_ 


E2 --t>O,----~ 


'I (MarCh 
1988 


74HC/HCT237 


MSI 
l~__ 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = OV;tr= 
tf= 
6 ns;CL 
= 50pF 


SYMBOL I PARAMETER 


Tamb (OCI 
TEST CONDITIONS 


74HC 


VCC I WAVEFORMS 
UNIT 


+25 
-40 
to +85 
-40 to +125 
V 


I 
min. 
typo 
max. 
I min. 
max. 
min. 
max. 


tpHLI 
propagation 
delay 
52 
160 
1200 
240 


1 
2 
. 
0 


19 
32 


1 
40 
48 
ns 
4.5 
Fig.6 


I tPLH 
I 


An to Yn 
15 
27 
34 
41 
6.0 


I 
I propagation 
delay 
61 
190 


1 


240 
285 


1 


20 
tPHLI 
22 
38 
48 
57 
ns 
4.5 
Fig. 7 
I tPLH 
I 
LE to Yn 
18 
32 
41 
48 
6.0 


I tPHLI 
I 
propagation 
delay 
47 
145 
180 
220 
2.0 


I 
E1toYn 
17 
29 
36 
44 
ns 
4.5 
Fig. 7 
tPLH 
14 
25 
31 
38 
6.0 


I 
I tpHLI 
I 
propagation 
delay 
47 


1 


145 


I 


180 
220 


I 


2.0 


I 


17 
29 
36 
44 
ns 
4.5 
Fig.6 
tpLH 
E2 to Yn 
14 
25 
31 
38 
6.0 


I tTHLI 


I 


19 
75 
95 
110 
2.0 


I 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


Itw 


LE pulse width 
50 
11 
65 
75 
2.0 
10 
4 
13 
15 
ns 
4.5 
Fig.8 
LOW 
9 
3 
11 
13 
6.0 


I 
50 
6 
65 
75 


I 


set-up time 
2.0 


tsu 
An to IT 
10 
2 
13 
15 
ns 


1 


45 
Fig.8 


9 
2 
11 
13 
60 


I 
30 
3 
40 
45 
2.0 


th 
I hold time_ 
6 
1 
8 
9 
ns 
4.5 
Fig. 8 
An to LE 
5 
1 
7 
8 
6.0 
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MSI 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (CoICC)for a unit load of 1 is given in the family specifications. 
To determine tilCC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


An 
1.50 


E1 
1.50 


E2 
1.50 


LE 
1.50 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


SYMBOL I 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
VCC I WAVEFORMS 
PARAMETER 
UNIT 


I 
+25 
-40 to +85 
-40to+125 


I 
min. 
typo 
max. 
min. 
max. 
I min. 
max. 
V I 


tpHLI 


I 


propagation delay 
I 
I 
I 
I 


22 
38 
I 


48 
I 
57 
ns 
4.5 
Fig. 6 
tpLH 
An to Yn 


tPHLI 
propagation delay 
25 
42 
53 
I 


63 I 


ns 
4.5 
I Fig. 7 
tpLH 
LE to Yn 


tpHLI 
propagation delay 
20 
35 
44 


I 


53 
ns 
4.5 
I 


Fig. 7 
tpLH 
E1 to Yn 


tPHLI 
propagation delay 
20 


I 


33 


141 
I 


50 
ns 
4.5 
Fig. 6 
tpLH 
E2 to Yn 
I 


tTHLI 


I 
I 


I 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
I 


Fig. 6 
tTLH 


tw 
LE pulse width 
10 
5 
13 I 
I 


15 
ns 
4.5 
I Fig.8 
HIGH 


tsu 
set-up time 
10 
2 
13 
15 
ns 
4.5 
Fig.8 
An to IT 


th 
hold time 
5 
0 
5 
I 
5 
ns 
4.5 
Fig. 8 
An to IT 


I( 
M",h 
1988 


74HC/HCT237 


MSI 
l 
_ 


~t::'-~~M'"_t~'PLHt 


Yn 
OUTPUT 
_ 
_ 


tTHL 
-- 
-- 
tTLH 


Fig. 6 Waveforms ~wing 
the addressinput IAn) and 
enable inputs IE2, LE) to output IY nl propagation 
delays and the output 
transition 
times. 


Fig. 7 Waveforms showing the enable input (E,I to 
output (Y n) propagation delays and the output 
transition 
times. 


I 


transparent 
latched 


--'W-- 


Fig.8 
Waveforms showing the data set·up, hold times 
for An input to IT input and the latch enable pulse 
width. 


Note to Fig. 8 


The shaded areas indicate when the input is permitted 
to change for predictable 
output 
performance. 
Note to AC waveforms 


(1) HC 
VM=50%;VI=GNDtoVCC. 
HCT: VM = 1.3 V; VI = GND to 3 V. 
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other 
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• 
Demultiplexing 
capability 
• 
Multiple 
input enable for easy 
expansion 
• 
Ideal for memory 
chip select 


decoding 


• 
Active 
HIGH mutually 
exclusive 
outputs 


• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT238 are high·speed 
Si·gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7A. 
The 74HC/HCT238 decodersaccept 
three 
binary 
weighted 
address inputs 


(AO, A 1, A2) and when enabled, provide 
8 mutually 
exclusive 
active 
HIGH 
outputs 
(Yo to Y71. 
The "238" 
features three enable inputs: 
two active LOW (E1 and E2) and one 
active HIGH (E3). Every output will be 
LOW unlesst:, and 1:2are LOW and 
E3 is HIGH. 


This multiple 
enable 
function 
allows easy 
parallel expansion of the "238" 
to a 
1·of·32 (5 lines to 32 lines) decoder wi,h 
just four "238" 
ICs and one inverter. 


The "238" 
can be usedasan eight output 
demultiplexer 
by using one of the active 


LOW enable inputs asthe data input and 
the remaining 
enable 
inputs as strobes. 
Unused 
enable 
inputs 
must 
be 
permanently 
tied to their 
appropriate 
active HIGH or LOW state. 


I 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 


I 


tPHLI 
An to Yn 
CL = 15 pF 
14 
18 
ns 


tpLH 
~3 to Yn 
VCC = 5 V 
16 
20 
ns 
En to Yn 
17 
21 
ns 


CI 
input 
capacitance 
I 


3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
72 
76 
pF 
I 
capacitance 
per package 
~ 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in IlW): 


Po = CPO x VCC' x fi + 1: ICL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 
1: ICL x VCC' x fo) = sum of outputs 


2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-lead01L; plastic ISOT38ZI. 
16·leadmini·pack; plastic 15016; SOT109AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,2,3 
AO to A2 
address 
inputs 
4, 5 
1:1,1:2 
enable inputs lactive LOW) 
6 
E3 
enable input (active HIGH) 
8 
GNO 
ground (0 V) 
15,14,13,12 
YO to Y7 
outputs (active HIGH) 
11,10,9,7 
16 
VCC 
positive supply voltage 


Vcc 
o} 
ox 


15 
XlY 
15 


Yo 
AD 
Yo 
15 
0.9. 


A, 
Y, 
14 
) 


13 
13 


A, 
Y, 
13 
, 


" 


12 
Y, 
Y, 
12 


Y, 


E, 
Ys 
'0 
E, 
Y, 


Ys 
" 


Y, 


laJ 


Fig. 1 Pin configuration. 
Fig. 2 
Logic symbol. 
Fig. 3 IEC logic symbol. 
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MSI 
l 
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INPUTS 
OUTPUTS 
I 


E, 
E2 
E3 
AO 
A, 
A2 
YO 
Y, 
Y2 
Y3 
Y4 
Ys 
Ys Y7 


H 
X 
X 
X 
X 
X 


It 


L 
L 
L 
L 
L 


It 


L 


X 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 


X 
X 
L 
X 
X 
X 
L 
L 
L 
L 
L 
L 


L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
L 
L 
L 
L 
H 
L 
L 
L 
L 


L 
L 
H 
L 
L 
H 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
H 
H 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
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74HC/HCT238 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND =0 V:tr=tf= 
6ns;CL 
= 50pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 


I 


47 
150 
190 
225 
2.0 
17 
30 
38 
45 
ns 
4.5 
Fig.6 
tPLH 
An to Yn 
14 
26 
33 
38 
6.0 


tPHL/ 
propagation delay 
52 
160 
200 
240 


I 


2.0 
19 
32 
40 
48 
ns 
4.5 
Fig. 6 
tPLH 
E3 to Yn 
15 
27 
34 
41 
6.0 
I 


tPHL/ 


I 


50 
155 
195 
235 
I 2.0 
propagation delay 
18 
31 
39 
47 
ns 


I 


4.5 
Fig. 7 
tPLH 
En to Yn 
14 
26 
33 
40 
6.0 


tTHL/ 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 


tTLH 
6 
13 
16 
19 
6.0 


74HC/HCT238 


MSI 
l 
- 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
6lCC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


!"n 
0.70 
En 
0.40 


E3 
1.45 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb lOCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
I UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
I min. 
max. 


tPHL 


propagation delay 
21 
35 
44 
53 
ns 
4.5 
Fig.6 


An to Yn 


tpLH 
propagation delay 
17 
35 
44 
53 
ns 
4.5 
Fig.6 


An to Yn 


tpHL 
propagation delay 
22 
37 
46 
56 
ns 
4.5 
Fig. 6 
E3 to Yn 


tpLH 
propagation delay 
18 
37 
46 
56 
ns 
4.5 
Fig.6 


E3 to Yn 


tPHL 


propagation delay 
21 
35 
44 
53 
ns 
4.5 
Fig. 7 


En to Yn 


tpLH 
propagation delay 
18 
35 
44 
53 
ns 
4.5 
Fig. 7 


En to Yn 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
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3_-_t_o_-8_1 
i_n_e_d_e_C_O_d_e_r/_d_e_m_u_lt_iP_I_e 
__X_er 
J 


74HC/HCT238 
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Fig. 6 Waveforms showing the addressinput IAnl 
and enable input I E3) to outout IY nJ propagation 
delays and the output 
transition 
times. 


Fig. 7 Waveformsshowing the enable input IEn) 
to output IY nJ propagation delays and the output 
transition times. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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• 
Output 
capabil ity: bus driver 
• 
lee category: 
MSI 


The 74HC/HCT240 are high·speed 
Si·gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTU. They arespecified in 
compliance with JEDEC standard no. 7A. 


The 74HC/HCT240 are octal inverting 
buffer/line drivers with 3·state outputs. 
The 3·state outputs are controlled by the 
output enable inputs 1OE and 20E. 
A HIGH on nO!: causesthe outputs to 
assumea high impedance OFF·state. 
The "240" 
is identical to the "244" but 
has inverting 
outputs. 


INPUTS 
OUTPUT 


nOE I 
nAn 
nYn 


L 


I 


L 
H 
L 
H 
L 
H 
X 
Z 


H = HIGH voltage level 
L = LOW vOltagelevel 
X = don't 
care 
Z = high impedance OFF·state 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
CL = 15 pF 
1An to 1Yn: 
9 
9 
ns 


tPLH 
2An to 2Yn 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 
1 and 2 
30 
30 
pF 
capacitance 
per buffer 


GND = 0 V; Tamb = 25 °C; tr = tf = 6 ns 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlW): 


PD = CPD x VCC' x fi + ~ ICL x VCC' x fol where: 
fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
:E ICL X VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20·lead 
DI L: plastic 
(SOT1461. 


20·lead 
mini·pack: 
plastic 
(S020; 
SOT163Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
10E 
output enable input (active LOWI 


2,4,6,8 
lAD to 1A3 
data inputs 


3,5,7,9 
2YO to 2Y3 
bus outputs 


10 
GND 
ground 10VI 


17,15,13,11 
2AO to 2A3 
data inputs 


18,16,14,12 
1YO to 1Y3 
bus outputs 


19 
20E 
output enable input (active LOW) 


20 
VCC 
positive supply voltage 


4 
lA, 
,v, I. 


15 
2A, 
2Y, 
5 


• 'A, 
IV, 
14 


13 2A2 
,V, 
7 


8 
lA, 
1'(3 12 


11 
2A3 
,V, 
9 


1 
ICE 


19 2eE 


74HC/HCT240 


MSI 


4.6 
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74HC/HCT240 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 


Ice category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND =0 V;tr 
=tf= 
6 ns;CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 


propagation delay 
30 
100 
125 
150 
2.0 
lAn to lY n; 
11 
20 
25 
30 
ns 
4.5 
Fig. 5 
tPLH 
2An to 2Yn 
9 
17 
21 
26 
6.0 


tPZHI 
3·5tate output enable time 
39 
150 
190 
225 
2.0 


I 


WE to lYn; 
14 
30 
38 
45 
ns 
4.5 
Fig. 6 
tpZL 
20E to 2Y n 
11 
26 
33 
38 
6.0 


tPHzI 
3-sille output disable 
time 
41 
150 
190 
225 
2.0 
l~to 
1Yn; 
15 
30 
38 
45 
ns 
4.5 
Fig. 6 


tpLZ 
20E to 2Yn 
12 
26 
33 
38 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 


trLH 
4 
10 
13 
15 
6.0 


74HC/HCT240 


MSI 
l 
-- 


For the DC characteristics 
see chapter "HeMOS family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
bus driver 
ICC category: 
MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
L\ICC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


input 
unit load 
coefficient 


1An 
1.50 


2&, 
1.50 
10E 
0.70 
20E 
0.70 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = If = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max·l 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
1An to 1Yn; 
11 
20 
25 
30 
ns 
4.5 
Fig. 5 
tpLH 
2An to 2Y n 


tPZHI 
3·state output enable ti me 
1CJEto 
1Yn; 
13 
30 
38 
45 
ns 
4.5 
Fig. 6 
tPZL 
20E 
to 2Yn 


tPHzI 


3-state 
output 
disable ti me 


10E to 1Yn; 
13 
25 
31 
38 
ns 
4.5 
Fig. 6 
tPLZ 
20E 
to 2Yn 


tTHLI 
output transition time 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 


tTLH 


J"",,y 19861 ( 


74HC/HCT240 


MSI 


Fig. 5 Waveforms 
showing 
tne input 
(1 An. 
2An) 
to output 
11 Y n. 2Y nJ propagation 
delays and 


the output transition 
times. 


Note to AC waveforms 


(1) 
HC 
VM = 50%; VI = GND to VCC. 


HCT: 
VM = 1.3 V; VI = GND to 3 V. 


OUTPUT 


LOW'IO-OFF 
OFF-IO-LOW 


OUTPUT 


HIGH-lo-OFF 


OFF-IO-HIGH 


__,I, 


I 


90~ 


! 
VM 


1ll 


~ 


'O~ 
-'PLZ- 
~'PZL 


I 


v~ 
" 


IO~ 


1- 
{PHZ 
_ 
__ lPZH-1 


90~ 


'OlOo"J 
__ 
OUIDUU 


dIsabled 


_---J 


74HC/HCT241 


MSI 


• 
Output 
capability: 
bus driver 
• 
Ice category: 
MSI 


The 74HC/HCT241 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTLl. They are specified in 
compliance with JEDEC standard no. 7A. 


The 74HC/HCT241 are octal 
non-inverting buffer/line drivers with 
3-state outputs. The 3-state outputs 
are controlled by the output enable 
inputs 1OE and 20E. 


INPUTS 
OUTPUT 


WE 
lAn 
lYn 


L 
L 
L 
L 
H 
H 
H 
X 
Z 


INPUTS 
OUTPUT 


20E 
2An 
2Yn 


H 
L 
L 


H 
H 
H 
L 
X 
Z 


H ~ HIGH voltage level 
L = LOW voltage level 
X = don't 
care 
Z ~ high impedance OFF-state 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpHLI 
propagation delay 
CL = 15 pF 
lAn to 1Yn; 
7 
11 
ns 


tPLH 
2An to 2Yn 
VCC = 5 V 


C, 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power dissipation 
notes 1 and 2 
30 
30 
pF 


capacitance 
per buffer 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlWI: 


PD = CPD x VCC' x fi + I (CL X VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


:E (CL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI ~ GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


20-lead 
DIL; plastic 
(50T1461. 


20-lead mini-pack; 
plastic 
(5020; 
50T163Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
10E 
output enable input (active LOW) 


2,4,6,8 
1AOto 1A3 
data inputs 


3,5,7,9 
2YO to 2Y3 
bus outputs 


10 
GND 
ground (0 V) 


17,15,13,11 
2AO to 2A3 
data inputs 


18,16,14,12 
1YOto 1Y3 
bus outputs 


19 
20E 
output enable input (active HIGH) 


20 
VCC 
positive supply voltage 


74HC!HCT241 


MSI l 
-- 
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74HC/HCT241 


MSI 


Output 
capability: 
bus driver 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
25 
100 
125 
150 
2.0 
lAn to 1Yn; 
9 
20 
25 
30 
ns 
4.5 
Fig. 5 
tpLH 
2An to 2Yn 
7 
17 
21 
26 
6.0 


tpZHI 
3-state output 
enable ti me 
30 
150 
190 
225 
2.0 
lOE to lYn; 
11 
30 
38 
45 
ns 
4.5 
Fig. 6 
tpZL 
20E 
to 2Yn 
9 
26 
33 
38 
6.0 


tPHzl 
3-state output 
disable time 
39 
150 
190 
225 
2.0 
WE 
to lYn; 
14 
30 
38 
45 
ns 
4.5 
Fig. 6 
tpLZ 
20E 
to 2Yn 
11 
26 
33 
38 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 
tTLH 
4 
10 
13 
15 
6.0 


74HC/HCT241 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


Note to HCT types 


The 
value of additional 
quiescent 
supply 
current 
(6ICCl 
for a unit 
load of 1 is given in the family 
specifications. 
To determine f',ICC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


1An 
0.70 
2An 
0.70 
WE 
0.70 
20E 
1.50 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
·-40to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
1Anto 
1Yn; 
13 
22 
28 
33 
ns 
4.5 
Fig. 5 
tpLH 
2An to 2Y n 


tpZHI 
3·state output enable time 


lOE to 1Yn; 
15 
30 
38 
45 
ns 
4.5 
Fig. 6 
tPZL 
20E to 2Y n 


tPHzI 
3-5tate output disable ti me 
10E to 1Yn; 
18 
30 
38 
45 
ns 
4.5 
Fig. 6 
tPLZ 
20E to 2Yn 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 
tTLH 
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74HC/HCT241 


MSI 


OUTPUT 


LOW-Io-OFF 


OFF-IO-LOW 


OUTPUT 


HIGH-Io-OFF 


OFF-Io-HIGH 


W'W" 
-, 
__ 
OUlpuU 
enabled 
dIsabled 


Fig. 5 Waveforms showing 
the input (lAn, 
2Anl 
to output 
(lYn, 
2Ynl propagation 
delays and 


the output transition times. 


Fig.6 
Waveform 
showin~!he 
3-state enable and 
disable times for input 
1DE. 


::(~":" 
k~l", 


OUTPUT 
I 
lOW-IQ-OFF 
VMllI 


OFF-Io-LOW --'"" 
1- 
tpHZ 
-lpZH- 


9." 
OUTPUT 


HIGH -IQ-OFF 


OFF-tO-HIGH 


MOU" _L_ 
W'OU" 


enabled 
disabled 


Fig. 7 Waveform 
showing the 3-state enable and 


disable times for input 2DE. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to :1 V. 


_---J 


74HC!HCT242 


MSI 


• 
Inverting 
3-state 
outputs 
• 
2-way 
asynchronous 
data 
bus 
communication 
• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT242 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL (LSTTL). 
They are specified 
in 
compliance 
with JEDEC standard 
no. 7A. 


The 74HC/HCT242 
are quad bus 
transceivers 
featuring 
inverting 
3-state 
bus compatible 
outputs 
in both 
send and receive directions. 
They are designed 
for 4-line 
asynchronous 
2-way 
data communications 
between 
data buses. 


The output 
enable 
inputs 
(OEA and DES) 
can be used to isolate the buses. 


The "242" 
is similar to the "243" 
but has 
inverting outputs. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation 
delay 
CL = 15pF 
An to Sn; 
7 
10 
ns 
tpLH 
Sn to An 
VCC= 
5 V 


CI 
input capacitance 
3.5 
3.5 
pF 


CI/O 
input/output 
capacitance 
10 
10 
pF 


CPD 
power dissipation 
notes 
1 and 2 
29 
32 
pF 
capacitance 
per transceiver 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in /lW): 


PD ~ CPD x VCC' 
x fi + 1; (CL x VCC' 
x fa) where: 


fi 
~ input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa 
= output 
frequency 
in MHz 
VCC 
~ supply voltage in V 
l; (CL X VCC' 
x fa) = sum of outputs 
2. 
For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 
1.5 V 


14-lead 01 L; plastic ISOT271. 


14-lead mini-pack: 
plastic (SOI4; SOT108A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
OEA 
output 
enable 
input (active LOW) 
2,12 
n.C. 
not connected 
3,4,5,6 
AO to A3 
data inputs/outputs 
7 
GND 
ground 
(0 V) 
11,10,9,8 
BO to B3 
data inputs/outputs 
13 
OEB 
output 
enable 
input 
14 
VCC 
positive supply 
voltage 


6~8 


~7Z93191 


74HC/HCT242 


MSI 
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INPUTS 
INPUTS/OUTPUTS 


OEA 
OEB 
An 
Bn 


L 
L 
inputs 
B = A 
H 
L 
Z 
Z 


L 
H 
Z 
Z 


H 
H 
A=B 
inputs 


H = HIGH voltage level 
L = LOW voltage level 
Z = high impedance OFF-state 


______ 
Q_U_a_d_b_u_s_t_ra_n_sc_e_i_v_e_r_; 
_3_"S_t_a_te_; 
_in_v_e_r_t_in_ 


9 
J 


74HC/HCT242 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
25 
90 
115 
135 
2.0 
An to Sn; 
9 
18 
23 
27 
ns 
4.5 
Fig. 5 
tpLH 
Sn to An 
7 
15 
20 
23 
6.0 


tPZHI 
3-state output enable time 
41 
150 
190 
225 
2.0 


DEA to An or Sn; 
15 
30 
38 
45 
ns 
4.5 
Figs 6 and 7 
tPZL 
OE8 to An or Sn 
12 
26 
33 
38 
6.0 


tPHzI 
3·state output disable time 
52 


1 


150 
190 
225 


I 


2.0 
OEA to An or Sn; 
19 
30 
38 
45 
ns 
4.5 
Figs 6 and 7 
tPLZ 
OES to An or Sn 
15 
26 
33 
38 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 


output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 
tTLH 
4 
10 
13 
15 
6.0 


74HC/HCT242 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output 
capability: 
bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(~ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
~ICC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


An 
1.10 
Bn 
1.10 
OEA 
1.00 
OEB 
1.00 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 


I 


An to Bn; 
12 
20 
25 
30 
ns 
4.5 
Fig. 5 
tPLH 
Bn to An 


tPZHI 
3-state output enable time 
16 


I 


1 
4 


. 
5 


I 


OEA to An or Bn; 
34 
43 
51 
ns 
Figs 6 and 7 
tPZL 
OEB to An or Bn 


tPHzl 
3-state output disable time 
OEA to An or Bn; 
22 
35 
44 
53 
ns 
4.5 
Figs 6 and 7 
tPLZ 
OEB to An or Bn 


tTHLI 
output 
transition 
timn 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 
tTLH 


Quad bus transceiver; 
3-state; 
inverting 
J 
---- 


74HC/HCT242 


MSI 


Fig. 5 Waveforms 
showing 
the input 
(An, 
Snl to 


output 
(Sn, An) 
propagation 
delays and the 


output transition times. 


OUTPUT 


LOW-IO-OFF 


OFF-Ie-LOW 


-1"1:0% 


VM111 


10% 
~I-'PZL- 
v 


M 


'" 


i_ 
lpHZ 
- 
_ 
tPZH- 


r 


90% 


I 


vMlll 


outputS 
output$ 
outputS 


er'l~bled 
d,sabled 
enabled 


OUTPUT 


LOW-to-OFF 


OFF-Ie-LOW 


OUTPUT 


HIGH-w·OFF 


OFF·IO-HIGH 


OUTPUT 


HIGH-w-OFF 


OFF-Ie-HIGH 


Fig. 6 Waveforms 
showing 
the 3-state 
enable 
and 


disable 
times 
for 
input 
OES. 
Fig. 7 Waveforms 
showing 
the 3-state 
enable 
and 


disable 
times 
for 
input 
OEA. 


Note to AC waveforms 


(1) 
HC 
VM = 50%; VI = GND 
to VCC' 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V. 


j 
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• 
Non-inverting 
3-state outputs 
• 
2-way asynchronous 
data bus 
communication 


• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


The 74HC/HCT243 are high-speed 
Si·gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ILSTTL). They are specified in 
compliance with JEOEC standard roo 7A. 


The 74HC/HCT243 are quad bus 
transceivers 
featuring 
non-inverting 
3-state bus compatible 
outputs in both 


send 
and 
receive 
directions. 
They are designedfor 4-line 
asynchronous 
2·way 
data communications 


between data buses. 


The output enable inputs IDEA and DES) 
can be used to isolate the buses. 


The "243" 
is similar to the "242" 
but has 


non-inverting 
(true) 
outputs. 


74HC/HCT243 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
CL = 15 pF 
An to Sn; 
6 
11 
ns 
tPLH 
Sn to An 
VCC = 5 V 


CI 
input capacitance 
3.5 
3.5 
pF 


CliO 
input/output 
capacitance 
10 
10 
pF 


CPO 


power 
dissipation 
notes 1 and 2 
26 
34 
pF 
capacitance 
per transceiver 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in /lW): 


Po = CPO x VCC' x fi + ~ ICL x VCC' x fo) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
1: (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC -1.5 
V 


PACKAGE 
OUTLINES 


14-leadDI L; plastic (SOT271. 


14·lead mini-pack; plastic ($014; 
SOT108A). 


PIN NO. 
I SYMBOL 
NAME AND FUNCTION 


1 
OEA 
output enable input (active LOW) 
2, 12 
n.C. 
not connected 


3,4,5,6 
AO to A3 
data inputs/outputs 
7 
GNO 
ground 10V) 
11,10,9,8 
80 to B3 
data inputs/outputs 


13 
DES 
output enable input 
14 
VCC 
positive supply voltage 


6~' 


~'Z9J204 


74HC/HCT243 


MSI 


January 19861 (' 


l~ __ 


INPUTS 
INPUTS/OUTPUTS 


OEA 
OEB 
An 
Bn 


L 
L 
inputs 
B=A 
H 
L 
Z 
Z 
L 
H 
Z 
Z 
H 
H 
A = B 
inputs 


H = HIGH 
voltage 
level 
L = LOW 
voltage 
level 


Z = high 
impedance 
OFF-state 


______ 
o_u_a_d_b_u_s_t_ra_n_s_c_e_iv_e_r_;_3_-_st_a_t_e 
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74HC/HCT243 


MSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo I max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
22 
90 
115 
135 
2.0 


An to Bn; 
8 
18 
23 
27 
ns 
4.5 
Fig. 5 
tPLH 
Bn to An 
6 
15 
20 
23 
6.0 


tPZHI 
I 3-state output enable time 
50 
150 
190 
225 
2.0 


tpZL 


I 


OEA to An or Bn; 
18 
30 
38 
45 
ns 
4.5 
Figs 6 and 7 


OEB to An or Bn 
14 
26 
33 
38 
6.0 


I 


3-state output disable time 
61 


I 


I 


250 
2.0 
tpHzI 
165 
205 


I 


OEA to An or Bn; 
22 
33 
41 
50 
ns 
4.5 
Figs 6 and 7 
tPLZ 
OEB to An or Bn 
1B 
28 
35 
43 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 


output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 
tTLH 
4 
10 
13 
15 
6.0 


'I(M"oh 1988 


74HC/HCT243 


MSI 
l~__ 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
Ice category: MSI 


Note to HCT types 


The value of additional quiescent supply current (L1lee) for a unit load of 1 is given in the family specifications. 
To determine 
6lCC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
I 


UNIT LOAD 
COEFFICIENT 


An 
1.10 


Bn 
1.10 


OEA 
1.00 
OEB 
1.00 


Tamb lOCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
Vee 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


. 
! 
max·l 
min. 
max. 
min. 
max. 
min. I typo 


I tpHLI 


propagation delay 


1 


13 
I 


An to Bn: 
22 
28 
33 
ns 
4.5 
Fig. 5 
tPLH 
Bn to An 


tPZHI 
3-state output enable time 


I 


1 
18 


I 
I 51 


I 


OEA to An or Bn: 
34 
43 
ns 
4.5 
Figs6 and 7 
tpZL 
OEB to An or Bn 
I 


tpHzI 
3-state output disable time 


1 


44 


I 
I 
I 


OEA to An or Bn: 
23 
35 
53 
ns 
4.5 
Figs6 and 7 
tPLZ 
OEB to An or Bn 


tTHLI 
output 
transition 
time 
5 


1 
12 
15 
18 
ns 
4.5 
Fig. 5 
tTLH 


M",h 19881 ( 


J 
-------------------------------------------- 


74HC/HCT243 


MSI 


',.', 
INPUT 1~V_M_I'_' 
~ 


i-'PHL-' 
I 


'"'"~M~ 
'-''''r 


7Z93207 
lTHL_1 ~ 
_! 
i_tTLH 


Fig.5 
Waveforms 
showing 
the input 
IAn. 
Bnl to 


output 
IBn• An) 
propagation 
delays and the 


output transition times. 


OUTPUT 


LOW-IO-OFF 


OFF-IO-LOW 


__ :lr 
l 
__ 
Il~v9,=:,%~,,----~ 
d 


,- '"z-I 


'''' 
1- 
lpHZ_ 


OUTPUT 


lOW-IO·OFF 
QFF-lO-LOW 


OUTPUT 


HIGH-IO-OFF 


OFF 
-to-HIGH 


OUTPUT 
HIGH-lO-OFF 


OFF-Io-HIGH 
'""""J__OU!DUIS 
enaoled 
dIsabled 


Fig. 6 Waveforms 
showing 
the 3-state 
enable and 
disable 
times 
for 
input 
OEB. 


Fig. 7 Waveforms showing the 3·state enable and 
disable 
times 
for 
input 
OEA. 


Nole 
to AC waveforms 


111 HC 
: VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


____ 
J 


• 
Output 
capabil itv: bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT244 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTLl. They are specified in 
compliance with JEOEC standard no. 7A. 


The 74HC/HCT244 are octal 
non-inverting 
buffer/line 
drivers wi1h 
3-state outputs. The 3-state outputs are 
controlled by the output enable inputs 
10E and 20E. A HIGH on nOE causes 
the outputs 
to assume a high impedance 
OFF-state. 
The "244" 
is identical to the "240" 
but 
has non-inverting 
outputs. 


INPUTS 
OUTPU 


nOE 
nAn 
nYn 


L 
L 
L 


L 
H 
H 
H 
X 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 


74HC/HCT244 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 


propagation delay 
CL=15pF 
1An to 1Yn; 
9 
11 
ns 


tpLH 
2An to 2Yn 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 


power 
dissipation 
notes 1 and 2 
35 
35 
pF 
capacitance 
per buffer 


GNO = 0 V; Tamb = 25°C;tr 
= tf = 6 ns 


Notes 


1. CPO is used to determine the dynamic power dissipation lPo in I'WI: 


Po = CPO X VCC' x fi + ~ (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


~ (CL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


20-lead01L; plastic (SOT1461. 


20·lead mini-pack; plastic (5020; 
SOT163Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
lOE 
output enable input (active LOW) 


2,4,6,8 
1AOto 1A3 
data 
inputs 


3,5,7,9 
2YO to 2Y3 
bus outputs 


10 
GNO 
ground (0 V) 


17,15,13,11 
2AOto 2A3 
data 
inputs 


18,16,14,12 
1Yoto 
1Y3 
bus outputs 


19 
20E 
output enable input (active LOW) 


20 
VCC 
positive supply voltage 


PC74HC/HCT244 


MSI 
l 
_ 
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_______ 
O_ct_a_l_b_U_f_fe_r_/_lin_e_d_ri_v_er_;_3_-s_-t_at_e 
~J 


74HC/HCT244 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
bus driver 
Ice category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74He 
SYMBOL 
PARAMETER 
UNIT 
Vce 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagati on delay 
30 
110 
145 
165 
2.0 
lAn to 1Yn; 
11 
22 
28 
33 
ns 
4.5 
Fig. 5 


tPLH 
2An to 2Yn 
9 
19 
24 
28 
6.0 


tPZHI 
3·state output enab e time 
36 
150 
190 
225 
2.0 


10E to lYn; 
13 
30 
38 
45 
ns 
4.5 
Fig.6 


tPZL 
20E to 2Y n 
10 
26 
33 
38 
6.0 


tPHzI 


3-state 
output 
disable 
time 
39 
150 
190 
225 


I 


2.0 
10EtolYn; 
14 
30 
38 
45 
ns 
4.5 
Fig. 6 
tpLZ 
20Et02Yn 
11 
26 
33 
38 


I 


6.0 


trHLI 
14 
60 
75 
90 


1 
2 
. 
0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 
tTLH 
4 
10 
13 
15 
6.0 


74HC!HCT244 


MSI l 
_ 


DC CHARACTERISTICS 
FOR 
74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: 
MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
161CCl for a unit load of 1 is given in the family specifications. 


To determine 
61CC per input, 
multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


1An 
0.70 


2An 
0.70 


WE 
0.70 


20E 
0.70 


AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
1An to 1Yn; 
13 
22 
28 
33 
ns 
4.5 
Fig. 5 
tpLH 
2An to 2Yn 


tPZHI 


3-state output enable ti me 


1 
4 
. 
5 
WE 
to 1Yn; 
15 
30 
38 
45 
ns 
Fig. 6 
tPZL 
20E 
to 2Yn 


tpHzI 


3-state 
output 
disable 
time 


10Eto 
lYn; 
15 
25 
31 
38 
ns 
4.5 
Fig. 6 
tPLZ 
20E to 2Yn 


tTHLI 
output transition time 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 


tTLH 


512 
December 1990'I( 


Octal buffer/line 
driver; 3·state 
J 


----- 


74HC/HCT244 


MSI 


OUTPUT 


LOW-IO-OFF 
OFF-to· 
lOW 


OUTPUT 


HIGH·IO-OFF 


OFF-IO·HIGH 


O"'P""J_ 
enabled 


Fig. 5 Waveforms 
showing 
tll input 
(1 An, 2Anl 
to output 
(1Y n, 2Y nl propagation 
delays and 
the output 
transition 
times. 


Note 
to AC waveforms 


(11 HC 
VM = 50%; 
VI = GND 
to VCC- 


HCT: 
VM = 1.3V; 
VI = GND 
to 3V. 


____ 
J 


FEATURES 


• 
Octal bidirectional 
bus interface 
• 
Non-inverting 
3-state outputs 
• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT245 are high-speed 
Si-gateCMOS devicesand are pin 
compatible 
with low power Schottky 
TTL ILSTTL). They are specified in 
compliance with JEDEC standard no. 7A. 


The 74HC/HCT245 are octal 
transceivers 
featuring 
non-inverting 
3-state bus compatible outputs in both 
send and receive directions. 
The "245" 
features an output enable 
10EI input for easycascadingand a 
send/receive (D IR) for direction control. 
OE controls the outputs so that the 
busesare effectively isolated. 
The "245" 
is similar to the "640" 
bu t 
has true 
(non-inverting) 
outputs. 


INPUTS 
INPUTS/OUTPI 


OE 
DIR 
An 
Bn 


L 
L 
A=B 
inpu 
L 
H 
inputs 
B= 
H 
X 
Z 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 


74HC/HCT245 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tpH L/ 
propagation delay 
CL = 15 pF 
7 
10 
ns 


tPLH 
An to Bn: Bn to An 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CI/O 
input/output 
capacitance 
10 
10 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
30 
30 
pF 
capacitance 
per transceiver 


Notes 


1. CPD is used to determine the dynamic power dissipation (PD in jJ.WI: 


PD = CPD x VCC' x fi + I ICL x VCC' x fol where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


l: ICL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 
;j 


TS 


ts 
A 


t5ACKAGE 
OUTLINE 


20-lead DIL; plastic ISOT146). 
20-mini-pack: 
plastic IS020: SOT163A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
DIR 
direction 
control 
2,3,4,5, 
AO to A7 
data inputs/outputs 
6,7,8,9 
10 
GND 
ground 10V) 
18,17,16,15, 
80 to B7 
data inputs/outputs 
14,13,12,11 
19 
OE 
output enable input lactive LOWI 


20 
VCC 
positive supply voltage 


74HC/HCT245 


MSI 
l"'----_-- 


516 
September 19931 ( 


______ 
o_c_t_a_'_b_u_s_t_r_an_sc_e_i_ve_r_;_3_-_st_a_t_t! 
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74HC/HCT245 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: 
MSI 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
25 
gO 


1 


115 


I 


135 
2.0 


An to Bn; 
9 
18 
23 
27 
ns 
4.5 
Fig.5 
tPLH 
Bn to An 
7 
15 
20 
23 
6.0 


tpZHI 
3-state 
output 
enable time 
30 
150 
190 


I 


225 
2.0 
OE to An; 
11 
30 
38 
45 
ns 
4.5 
Fig. 6 
tpZL 
at: to 8n 
9 
26 
33 
38 
6.0 


signal name 
DIR 
I 
I 
I 


tPHzI 
I 


3-state 
output 
disable time 
41 
150 
190 
225 
2.0 


IFi9.6 
OE to An; 
15 
30 
38 
45 
ns 
4.5 
tPLZ 
OE to Bn 
12 
26 
33 
38 
6.0 


srgnalname 
OIR 
I 


trH LI 


14 
60 
75 
90 
2.0 


output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.5 
trLH 
4 
10 
13 
15 
6.0 


74HC/HCT245 


MSI 
l. 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 


ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(edce) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


UNIT LOAD 
COEFFICIENT 


0.40 
0.40 
1.50 
0.90 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V;tr 
=tf= 
6 ns;CL 
= 50pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to 
+125 
V 


I 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


tPH LI 
I propagation delay 


I 


An to Bn; 
12 
22 
28 
33 
ns 
4.5 
Fig. 5 


tpLH 
Bn to An 


tPZHI 
13.state 
output enable time 


I 
1 


38 


I 


I ns 
I 


DE to An; 
16 
30 
45 
4.5 
Fig. 6 
tPZL 
OE to Bn 


I 
signatname 
0 r R 
I 
I 


tPHzI 


3-state 
output 
disable 
time 


I 


OE to An; 
16 
30 
38 
45 
ns 
4.5 
Fig.6 
tpLZ 
OE to Bn 
signalname 
OIR 
: 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 5 


tTLH 


______ 
o_c_t_a_l_b_u_s_t_r_a_"_S_Ce_i_v_e_r_;3_-s_t_at_e_. 
J 


74HC/HCT245 


MSI 


OUTPUT 


LOW~to-OFF 


OFF-tO-LOW 


OUTPUT 


HIGH-lO-OFF 


OFF-la-HIGH 


0"""" _1__ 
OUlpoU 
enabled 
dIsabled 


Fig. 5 Waveforms 
showing 
the input 
(An, 
Bnl 
to output 
(Bn, An) propagation 
delays and 
the output 
transition 
times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


____ 
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• 
True 
and complement 
outputs 
• 
Both 
outputs 
are 3-state 
for 
further 
multiplexer 
expansion 


• 
Multifunction 
capability 
• 
Permits 
multiplexing 
from 
n-lines 
to one line 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCR 
IPTION 


The 74HC/HCT251 
are high-speed 


Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL (LSTTL). 
They are specified 
in 


compliance 
with JEOEC 
standard 
no. 7A. 


The 74HC/HCT251 
are the logic 
implementations 
of single-pole 
8-position 


switches with the state of three select 
inputs 
(SO' 51, 521 controlling 
the switch 


positions. 
Assertion 
(Y) and negation 
(Y) outputs 
are both 
provided. 


The output 
enable 
input 
(OEI is active 


LOW. The logic function 
provided 
at the 


output, when activated, 
is: 


y = 
OE.(10·50·5,.'52 
+ 1,.50.51.52 
+ 


+ 12.50.51.52 
+ 13.50.51.52 
+ 


+ 14.50.51.52 
+ 15.50.'51.52 
+ 


+ 16·50·S,.52 
+ 17·50·S1·521 


80th 
outputs are in the high impedance 
OFF-state 
(Z) when the output 
enable 


input is HIGH, allowing 
multiplexer 
expansion 
by tying 
the outputs. 


74HC/HCT251 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 


tpHL/ 
In to ~ 
CL = 15 pF 
15 
19 
ns 


'n to Y 
17 
19 
ns 


tpLH 
50 to ~ 
VCC = 5 V 
20 
20 
ns 


Sn to Y 
21 
21 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power dissipation 
notes 
1 and 2 
44 
46 
pF 
capacitance 
per 
package 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in /lW): 


Po = CPO x VCC' 
x fi + ~ (CL x VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 


L (CL x VCC' 
x fo) = sum of outputs 


2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 
16-lead 01 L: plastic ISOT38ZI. 


16-lead mini-pack; plastic (5016; 
SOT109Al. 


PIN DESCRIPTION 


PIN NO. 
SYMBOL 
NAME ANO FUNCTION 


4,3,2,1,15, 
10 to 17 
multiplexer 
inputs 
14,13,12 
5 
Y 
multiplexer 
output 


6 
Y 
complementary 
multiplexer 
output 
7 
OE 
3-state output 
enable input (active LOW) 


8 
GNO 
ground 
(0 VI 


11,10,9 
50,51,52 
select 
inputs 
16 
VCC 
positive 
supply 
voltage 


11 '0 
9 


Vcc 
So 
S, 
S, 


MUX 
'0 
EN 


" 
" 
11 
:1G % 
" 
'0 


'3 
9 


" 
15 


" 


0 


" 
14 
's 
,, 
13 


" 
3 
'II 


" 
" 


15 , 
'II 
s, 
0' 


14 
5 
13 , 
" , 


1293102 


Fig. 1 Pin configuration. 
Fig. 2 
Logic symbol. 
Fig. 3 IEC logic symbol. 


l 


INPUTS 
OUTPUTS 


~ 
11 
12 
13 
14 
15 
16 
17 
Y 
y 


I 
H 
I 


X 
X 


I 


X 
X 
X 
X 
X 
X 
X 
X 
X 
Z 
Z 


L 
L 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
H 
L 


L 
L 
L 
L 
H 
X 
X 
X 
X 
X 
X 
X 
L 
H 


L 
L 
L 
H 
X 
L 
X 
X 
X 
X 
X 
X 
H 
L 


L 
L 
L 
H 
X 
H 
X 
X 
X 
X 
X 
X 
L 
H 


L 
L 
H 
L 
X 
X 
L 
X 
X 
X 
X 
X 
H 
L 


L 
L 
H 
L 
X 
X 
H 
X 
X 
X 
X 
X 
L 
H 


L 
L 
H 
H 
X 
X 
X 
L 
X 
X 
X 
X 
H 
L 


L 
L 
H 
H 
X 
X 
X 
H 
X 
X 
X 
X 
L 
H 


L 
H 
L 
L 
X 
X 
X 
X 
L 
X 
X 
X 
H 
L 


L 
H 
L 
L 
X 
X 
X 
X 
H 
X 
X 
X 
L 
H 


L 
H 
L 
H 
X 
X 
X 
X 
X 
L 
X 
X 
H 
L 


I 
L 
H 
L 
H 
X 
X 
X 
X 
X 
H 
X 
X 
L 
H 


L 
H 
H 
L 
X 
X 
X 
X 
X 
X 
L 
X 
H 
L 


L 
H 
H 
L 
X 
X 
X 
X 
X 
X 
H 
X 
L 
H 


L 
H 
H 
H 
X 
X 
X 
X 
X 
X 
X 
L 
H 
L 


L 
H 
H 
H 
X 
X 
X 
X 
X 
X 
X 
H 
L 
H 


H = 
HIGH 
vOltage 
level 
L = 
LOW 
voltage 
level 
X = don't 
care 
Z = 
high 
impedance 
OFF·state 


J,oc"v 19861 ( 


'·'"PO' molt'pl,.,,, 3·.,,, 
J 


---- 


74HC/HCT251 


MSI 


PC74HC!HCT251 


MSI l 
_ 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


50 
170 


1 


215 
255 
2.0 


tPHLI 
propagation deiay 
18 
34 
43 
51 
ns 
4.5 
Fig. 6 
tPLH 
In to Y 
14 
29 
37 
43 
6.0 


55 
175 
220 
265 
2.0 


tpH LI 
propagation delay 
20 
35 
44 
53 
ns 
4.5 
Fig. 7 
tpLH 
In to Y 
16 
30 
37 
45 
6.0 


I 


66 
205 
255 
310 
2.0 


tPHLI 
propagation delay 
24 
41 
51 
62 
ns 
4.5 
Fig. 6 


tPLH 
Sn to Y 
19 
35 
43 
53 
6.0 


69 
205 


I 


255 
310 
2.0 


tPHLI 
propagation delay 
25 
41 
51 
62 
ns 
4.5 
Fig. 7 
tpLH 
Sn to Y 
20 
35 
43 
53 
6.0 


36 
140 
175 
210 
2.0 
tPZHI 
3·5tate 
output 
enable 
time 
13 
28 
35 
42 
ns 
4.5 
Fig. 8 
tPZL 
OE to Y, Y 
10 
24 
30 
36 
6.0 


39 
140 
170 
210 
2.0 


tPHzl 
3·state output disable ti me 
14 
28 
35 
42 
ns 
4.5 
Fig. 8 
tPLZ 
OE to Y, Y 
11 
24 
30 
36 
6.0 


19 
75 
95 
110 
2.0 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
6 
13 
16 
19 
6.0 


M"," 19881( 


74HC/HCT251 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


In 
1.00 


So 
1.50 


Sl, S2 
1.50 


DE 
150 


AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40to 
+85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
22 
35 
44 
53 
ns 
4.5 


I 


Fig. 6 
tPLH 
In to Y 


tPH LI 
propagation 
delay 
22 
35 
44 
53 
ns 
4.5 
Fig. 7 
tPLH 
In to Y 


tPHLI 
propagation 
delay 
24 
44 
55 
66 
ns 
4.5 
Fig. 6 
tPLH 
Sn to Y 


tPHLI 
propagati on delay 
25 
44 
55 
66 
ns 
4.5 
Fig. 7 
tPLH 
Sn to Y 


tPZHI 
3-state output enable ti me 
13 
28 
35 
42 
ns 
4.5 
I Fig. 8 
tpZL 
DE to Y, Y 
I 


tpHzl 
3-state output 
disable time 
14 
28 
35 
42 
ns 
4.5 
Fig. 8 
tPLZ 
DE to Y, Y 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 


74HC/HCT251 


MSI l 
_ 


Fig. 6 
Waveforms 
showing 
the multiplexer 
input 


(Inl 
and select input 
(Sn) to output 
(YI 


propagation 
delays and the output 
transition 
times. 


Fig. 7 Waveforms 
showing 
the multiplexer 
input 


(In) and select input 
(Snl to output 
(Y) 
propagation 
delays 
and the output 
transition 
times. 


OUTPUT 


HIGH·to-OFF 


OFF·to·HIGH 


l:: L 


~ 


1O% -'PLZ- 
~'PZL- 


LO~U~:U~FF 
I 
V'Alll 
OFF 
to 
LOW 
10% 


1- 
'PHZ -{90' 
~'PZH-I 


-~~ 
'""""_1_- "'P"" 
enabled 
disabled 


Note to AC waveforms 


(11 HC 
: VM = 50%; VI = GND to VCC. 


HCT: VM=1.3V;VI=GNDto3V. 


J""", 19861 ( 
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74HC/HCT253 


MSI 


• 
Non-inverting 
data 
path 
• 
3·state outputs 
for bus interface 
• 
and multiplex 
expansion 


• 
Common 
select 
inputs 
• 
Separate 
output 
enable 
inputs 
• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT253 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTl 
(lSTTl). 
They are specified 
in 


compliance 
with JEDEC standard 
no. 7A. 


The 74HC/HCT253 
have two identical 


4-input 
multiplexers 
with 3-state outputs 
which 
select two 
bits from 
four sources 


selected 
by common 
data select inputs 


(SO, Sl). 
When the individual 
output 
enable 


(101:, 2lJE) inputs of the 4-input 
multiplexers 
are HIGH, 
the outputs 
are 
forced 
to the high impedance 
OFF-state. 


The "253" 
is the logic implementation 


of a 2-pole, 
4·position 
switch, 
where 
the 
position 
of the switch 
is determined 
by 
the logic levels applied 
to So and S1. 


The 
logic equations 
for the outputs 
are: 


lY = 10E(110.S1.S0+111.S,.SO+ 
+1 12.S1.5"0+113.S1.S0) 


2Y = 20E(210.S1.5"0+211.S1.S0+ 
+212·S1·S0+213·S1·SQ) 


• 
Data 
selectors 


• 
Data 
multiplexers 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHll 


propagation 
delay 
Cl = 15 pF 
17 
17 
lln, 
21n to nY; 
ns 


tPlH 
Sn to nY 
VCC = 5 V 
18 
19 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 
1 and 2 
55 
55 
pF 


capacitance 
per multiplexer 


GND = 0 V; Tamb = 25°C; tr = tf = 6 ns 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PO in pW): 


Po = CPO x VCC' 
x fi + ~ ICl 
x VCC' 
x fo) where: 


f( 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
VCC 
= supply voltage in V 
L (CL x VCC' 
x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead 
01 L; plastic 
ISOT38Zl. 


16-lead mini-pack; plastic (S016; SOT109A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,15 
tOE,20E 
output 
enable inputs 
(active LOW) 


14,2 
SO, S1 
common 
data select inputs 


7,9 
1Y,2Y 
3-state 
multiplexer 
outputs 


8 
GNO 
ground 
(0 V) 


6,5,4,3 
110 to 113 
data inputs 
from 
source 
1 


10,11,12,13 
210 to 213 
data inputs 
from 
source 
2 


16 
VCC 
positive supply 
voltage 


74HC/HCT253 


MSI l 
_ 


SELECT 
DATA 
INPUTS 
OUTPUT 
OUTPUT 


INPUTS 
ENABLE 


So 
S, 
nlO 
nl, 
nl2 
nl3 
nOE 
nY 


X 
X 
X 
X 
X 
X 
H 
I z 


L 
L 
L 
X 
X 
X 
L 
; L 


L 
L 
H 
X 
X 
X 
L 
H 


H 
L 
X 
L 
X 
X 
L 
L 


H 
L 
X 
H 
X 
X 
L 
I H 
I 


L 
H 
X 
X 
L 
X 
L 
I L 
L 
H 
X 
X 
H 
X 
L 
I H 
H 
H 
X 
X 
X 
L 
L 


I ~ 
H 
H 
X 
X 
X 
H 
L 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 
Z = high impedance OFF-state 
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74HC/HCT253 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output 
capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPH LI 
propagation delay 
55 
175 
220 
265 


I 


2.0 
lln 
to nY; 
20 
35 
44 
53 
ns 
4.5 
Fig.6 
tPLH 
21n to nY 
16 
30 
37 
45 
6.0 


tPHLI 
propagation delay 
58 
175 
220 
265 


I ns 


2.0 


21 
35 
44 
53 
4.5 
Fig.6 
tPLH 
Sn to nY 
17 
30 
37 
45 
6.0 


tPzHI 
3·state output enable time 
30 
100 
125 
150 


I ns 


2.0 


tPZL 
nOE to nY 
11 
20 
25 
30 
4.5 
Fig. 7 


9 
17 
21 
26 
6.0 


tPHzI 
3-state output disable time 
41 
150 
190 
225 


I 


2.0 


tPLZ 
nOE to nY 
15 
30 
38 
45 
ns 
4.5 
Fig. 7 


12 
26 
33 
38 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 


output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 
4 
10 
13 
15 
6.0 


'I( M,~h 
1988 


74HC/HCT253 


MSI 
l 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


11n 
OAO 
21n 
0.40 
nOE 
1.10 
So 
1.10 
S1 
1.10 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V;tr 
=tf= 
6 ns;CL = 50 pF 


Tamb (CI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 


I 


UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max.1 
min. 
max. 


I 


tPH LI 


I 


propagation delay 


I 
1 


57 
11n to nY; 
20 
38 
48 
ns 
4.5 
Fig. 6 
tPLH 
21n to nY 


tPHLI 
propagation delay 
22 
40 
50 
60 
ns 
4.5 
Fig.6 
tPLH 
Sn to nY 


tpZHI 
3·state output enable time 
14 
30 
38 


I 
I 45 
ns 
4.5 
Fig. 7 
tpZL 
nOE to nY 


I 


tPHzl 
3-state output disable time 
13 
30 
38 
45 
ns 
4.5 
Fig. 7 
tPLZ 
nOE to nY 


tTH LI 
output 
transition 
time 
5 
12 
15 
18 
ns 


14.5 
Fig.6 
tTLH 
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74HC/HCT253 


MSI 


j~,:, 


'0" 
S""""" 
\VM'" 
1 
INPUT 
1 


'-~"'~ ~--=t'PLH- 
"Y 
OUTPUT 
I 
VMlll 


1287863 
I 
tTHL 
-- 
-- 
- 
-- 
tTLH 


OUTPUT 


LOW-lo·OFF 
OFF-IO-LOW 


OuTPUT 


HIGH-IO-0FF 


OFF-tO-HIGH 
~,~"J__ 
OUtOUI$ 


enaoled 
dIsabled 


Fig. 6 Waveforms 
showing 
the input 
(lln, 
21n) 
to output 
(1 Y, 2Y) 
propagation 
delays and the 


output 
transition 
times. 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3 V; VI = GND to 3 V. 


----~j 


74HC/HCT257 


MSI 


I' 
vcc 
s 


DE 


"0 
,y 
", 
310 
210 
2Y 
21, 


'4 
310 
3Y 


13 
31, 


11 
"0 
4Y 
12 


'0 
41, 
,s 
OE 


Fig. 1 Pin configuration. J 
Fig.2 
Logic symbol. 


• 
Non-inverting 
data 
path 
• 
3-state 
outputs 
interface 
directly 
with 
system 
bus 
• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT257 
are high-speed 
Si·gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL ILSTTL). 
They are specified 
in 


compliancewithJEOECstandard 
no. 7A. 


The 74HC/HCT257 
have four identical 
2·input 
multiplexers 
with 3·state outputs, 
which 
select 4 bits of data from 
two 


sources and are controlled 
by a common 
data select input 
(S). 
The data inputs from source 0 (110 to 
410) are selected 
when input S is LOW 
and the data inputs from source 
1 1111 to 


411) are selected 
when S is HIGH. 


Data appears 
at the outputs 
(lY to 4Y) 
in true (non-inverting) 
form from 
the 
selected 
inputs. 


The "257" 
is the logic implementation 
of 


a 4-pofe, 
2-position 
switch, 
where 
the 
position 
of the switch 
is determined 
by 
the logic levels applied 
to S. 


The outputs are forced to a high 
impedance 
OFF·state 
when OE is HIGH. 


The 
logic equations 
for the outputs 
are: 


1Y = OE.1111'S + 110.5-' 


2Y = OE.(211'S 
+ 210.5-' 


3Y = OE.1311'S 
+ 310.51 


4Y = OE.(411'S 
+ 410.5) 


The "257" 
is identical 
to the "25S" 
but 


has non-inverting 
(true) 
outputs. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 


propagation 
delay 
CL = 15 pF 
nlO, nil 
to nY 
11 
13 
ns 
tPLH 
S to nY 
VCC = 5 V 
14 
17 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


power 
dissipation 
CPO 
capacitance per 
notes 
1 and 2 
45 
45 
pF 


multiplexer 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in p.W): 


Po = CPO x VCC' 
x fi + ~ ICL x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 
~ ICL x VCC' 
x fo1 = sum of outputs 


2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16·lead 01 L; plastic ISOT38Zl. 


16-lead mini-pack; plastic ($016; 
SOT' 09Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
S 
common 
data select input 


2,5,14,11 
110 to 410 
data inputs 
from 
source 0 


3,6,13,10 
111 to 411 
data inputs 
from 
source 
1 


4,7,12,9 
lYto 
4Y 
3·state multiplexer 
outputs 


S 
GND 
ground 
(0 V) 


15 
OE 
3·state output 
enable 
input (active LOW) 


16 
VCC 
positive supply voltage 


74HC/HCT257 


MSI l 
-- 


INPUTS 
OUTPUT 
- 
S 
nlO 
nY 
OE 
nl1 


I 


H 
X 
X 
X 
Z 


L 
H 
X 
L 
L 
L 
H 
X 
H 
H 
L 
L 
L 
X 
L 
L 
L 
H 
X 
H 


H = HIGH voltage level 
L = LOW voltage leveI 
X = don't 
care 


Z = high impedance OFF·state 
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74HC/HCT257 


MSI 


For the DC characteristics 
see chapter 
'HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output 
capability: 
bus driver 


Ice category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND= 
0 V; tr = tf~ 
6 ns;CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
Vec 
WAVEFORMS 
+25 
-40to 
+85 
-40 
to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
36 
110 
140 
165 
2.0 
nlO to nY; 
13 
22 
28 
33 
ns 
4.5 
Fig. 6 
tPLH 
nil 
tonY 
10 
19 
24 
28 
6.0 


47 
150 
190 
225 
2.0 
tPHLI 
propagation delay 
17 
30 
38 
45 
ns 
4.5 
Fig. 6 


tPLH 
S to nY 
14 
26 
33 
38 
6.0 


33 
150 
190 
225 
2.0 
tpZHI 
3·state output enable time 
12 
30 
38 
45 
ns 
4.5 
Fig. 7 


tPZL 
OE to nY 
10 
26 
33 
38 
6.0 


41 
150 
190 
225 
2.0 
tpHzI 
3-state output disable time 
15 
30 
38 
45 
ns 
4.5 
Fig. 7 
tpLZ 
OE to nY 
12 
26 
33 
38 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 
4 
10 
13 
15 
6.0 


74HC/HCT257 


MSI 
l~ __ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 


ICC category: 
MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(.olec) for a unit 
load of 1 is given in the family 
specifications. 


To determine 
l'.ICC per input, 
multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


nlO 
0.40 
n/l 
0.40 


OE 
1.35 


S 
0.70 


AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 of 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to 
+85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 


propagation 
delay 


Fig. 6 
nlO to nY; 
16 
30 
38 
45 
ns 
4.5 


tpLH 
nil 
to nY 


tPHLI 
propagation 
delay 
20 
35 
44 
53 
ns 
4.5 
Fig. 6 
tPLH 
S to nY 


tpZHI 
3-state 
output 
enable time 
15 
30 
38 
45 
ns 
4.5 
Fig. 7 
tPZL 
OE to nY 


tpHzI 
3-state output 
disable 
time 


1 
16 
30 
38 
45 
ns 
4.5 
Fig. 7 
tpLZ 
OE to nY 


tTHLI 
output transition time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 


tTLH 
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74HC/HCT257 


MSI 


" - 
" 


-I 


90% 


DE 
INPUT 
VM(T) 


10% 


OUTPUT 
1- 'PLZ-I 


LOW-w-OFF 
OFF-lO-LOW 
1- 
(PHZ 
- 


OUTPUT 
90% 


HIGH-w-OFF 
00<,",,_1- 


VM{ll 


OFF-to-HIGH 


Oulouts 
___ 
outputS 


enabled 
disabled 
enabled 


Fig. 6 Waveforms 
showing 
the input 
(nIO, n11) 
to output 
(nY) 
propagation 
delays and the 


output 
transition 
times. 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


____ 
J 


74HC/HCT258 


MSI 


• 
Inverting 
data path 
• 
3-state outputs 
interface directly 
with system bus 
• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT258 are high-speed 
Si-gateCMOS devicesand are pin 
compatible 
with 
low power Schottky 


TTL (LSTTLI. They are specified in 
compliance with JEDEC standard no. 7A. 
The 74HC/HCT258 have four identicel 
2-input multiplexers 
with 3-state outputs, 
which select 4 bits of data from two 
sources and are controlled 
by a common 


data select input (S). 
The data inputs from source 0 (110 to 
410) are selected when input S is LOW 
and the data inputs from source 1 (111 to 
411) are selected when S is HIGH. 
Data appearsat the outputs (1Y to 4?) 
in inverted 
form 
from 
the select inputs. 


The 
"258" 
is the logic implementation 
of a 4-pole, 
2·position 
switch, 
where ne 
position 
of the switch 
is determined 
by 
the logic levels applied to S. 
The outputs 
are forced 
to a high 
impedance OFF·state when OE is HIGH. 


The 
logic equations 
for the outputs 
are: 


1Y = DE.(111.S + 110.51 


2Y = DE.(211'S + 210.51 


3Y = DE.(311'S + 310.5) 


4Y = DE.(411.S + 410.5) 


The "258" 
is identical to the "257" 
but 


has inverting 
outputs. 


SYMBOL 
PARAMETER 
CONDITIONS 
TYPICAL T 


I UNIT 


HC 
HCT 


: 


tPHLI 
propagation delay 
CL = 15 pF 
I ns 
niO. nil 
to n? 
9 
13 
tpLH 
S to nY 
VCC = 5 V 
14 
16 
. ns 


C, 
input capacitance 
3.5 
3.5 
I pF 


CPD 
power 
dissipation 
notes 1 and 2 
55 
38 
I pF 
capacitance 
per multiplexer 


Notes 


1. CPD is used to determine the dynamic power dissipation (PD in ~WI: 


PD = CPD x VCC' x fi +:': (CL x VCC' x fol where: 


fj 
= 
input 
.frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


L (eL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-leadDI L; plastic (5DT38Zl. 
16-leadmini-pack; plastic (5D16; 50T109Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
S 
common 
data select 
input 


2.5,14,11 
110to 410 
data inputs 
from 
source 0 


3,6,13,10 
111to 411 
data inputs 
from 
source 
1 


4,7,12,9 
lYt04Y 
3·state 
multiplexer 
outputs 


8 
GND 
ground (0 V) 


15 
OE 
3-state output enable input (active LOW) 


16 
VCC 
positive supply voltage 


"0 
", 


210 


21, 


'4 
310 


'3 
31, 


11 
"0 
'2 


'0 
4', 


15-o0E 


74HC/HCT258 


MSI 


INPUTS 
OUTPUT 


OE 
S 
nlO 
nil 
nY 


H 
X 
X 
X 
Z 


L 
H 
X 
L 
H 
L 
H 
X 
H 
L 
L 
L 
L 
X 
H 
L 
L 
H 
X 
L 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 
Z = high impedance OFF-state 
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74HC/HCT258 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb lOCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 


1-40 
to +85 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
30 
95 
120 
145 
2.0 


nloton~; 
11 
19 
24 
29 
ns 
4.5 
Fig.6 
tpLH 
nil 
to nV 
9 
16 
20 
25 
6.0 


tpHLI 
propagation 
delay 
47 
140 


I 
1 


175 


I 


210 


I ns 
I 


2.0 
17 
28 
35 
42 
4.5 
Fig.6 
tpLH 
S to nY 
14 
24 
30 
36 
6.0 


tPZH/ 


I 


3-state output enable time 
39 
140 
175 
210 
2.0 
14 
28 
35 
42 
ns 
4.5 
Fig.7 
tpZL 
DE to nY 
11 
24 
30 
36 
6.0 


tPHzI 
3·state output disable t me 
55 
150 
190 
225 
2.0 


tPLZ 
OE to nY 
20 
30 
38 
45 
ns 
4.5 
Fig. 7 


16 
26 
33 
38 
6.0 


14 
60 
75 
90 
I 
2.0 
tTHL/ 
output 
transition 
time 
5 
12 
15 
18 
I ns 
4.5 
Fig.6 
tTLH 
4 
10 
13 
15 
6.0 


74HC/HCT258 


MSI 
l~ 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapwr 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
.6ICC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


nlO 
0.50 
nil 
0.50 
OE 
1.50 
S 
, .50 


AC CHARACTERISTICS 
FOR 74HCT 


GND"O 
V; tr =tf =6 ns;CL = 50 pF 


,,"'OCJ..,.""" 


Tamb 1°C) 
I 


TEST CONDITIONS 


74HCT 


~C 
I 


UNIT 
WAVEFORMS 


+25 
-40 to +85 
-40to 
+125 


I 
I 
V 


min. 
typo 
max·1 
min. 
max·1 
min. 


I 


max. 
I 
I 


tPHLI 


propagation delay 


I 


nlO to n~; 
16 
27 
34 
41 
ns 
4.5 
Fig.6 
tPLH 
nl, 
to nY 


tPHLI 
propagation 
delay 
19 
34 


1 
43 
51 
ns 


I 


4.5 


I 


Fig. 6 
tpLH 
S to nY 


tPZHI 
3-state output enable time 


I 


18 
30 
38 
45 
ns 


I 


45 
Fig. 7 
tPZL 
OE to nY 


tPHzI 
3·state output disable time 
17 
30 


1 
38 
45 
ns 
4.5 
Fig. 7 
tPLZ 
OE to nY 


tTHLI 
output 
transition 
time 


I 


5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
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I 


1 


5."',."', 
'NPUT r::;:--~ 
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Note 
to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC· 
HCT: VM = 1.3V;VI 
= GNDto 
3V. 
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• 
Combines 
demultiplexer 
and 8-bit 


latch 


• 
Serial-to-parallel 
capability 
• 
Output 
from 
each 
storage 
bit 


available 


• 
Random 
(addressable) 
data 
entry 


• 
Easily 
expandable 
• 
Common 
reset 
input 
• 
Useful 
as a 3-t0-8 
active 
HIGH 
decoder 
• 
Output 
capability: 
standard 
• 
ICC category: 
MS I 


GENERAL 
DESCRIPTION 


The 74HC/HCT259 
are high·speed 


Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL (LSTTLI. 
They are specified 
in 


compliance 
with JEDEC standard 
no. 7A. 


The 74HC/HCT259 
are high·speed 
8·bit addressable 
latches designed 
for 


general 
purpose 
storage 
applications 
in 
digital systems. 
The "259" 
are 
multifunctional 
devices capable 
of 
storing 
single·line 
data in eight 
addressable 
latches, 
and also 3-to-8 


decoder 
and demultiplexer, 
with active 


HIGH outputs 
(QO to Q7), functions 
are avai lable. 


The 
"259" 
also incorporates 
an active 


LOW common 
reset (MR) for resetting 
all latches, 
as well as, an active LOW 
enable 
input (CEl. 


(continued 
on next page) 
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MSI 


I PARAMETER 


TYPICAL 


SYMBOL 
CONDITIONS 
UNIT 


HC 
HCT 


I tpHlI 


propagation 
delay 
20 
DtO&, 
CL = 15 pF 
18 
ns 
tpLH 
An, l 
to Qn 
VCC = 5 V 
17 
20 
ns 


tpHl 
MR to Qn 
15 
20 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 
1 and 2 
19 
19 
pF 
capacitance 
per latch 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in /-lW): 


PD = CPD x VCC' 
x fi + J: (Cl 
x VCC' 
x fo) where: 


fi 
= input 
frequency 
in MHz 
Cl 
output 
load capacitance in pF 


fa 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 
E (Cl 
x VCC' 
x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DIL; plastic (S0T38ZI. 
16-lead mini·pack: plastic (5016; 
SOT109Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,2,3 
AO to A2 
address inputs 


4,5,6,7,9 
QO to Q7 
latch outputs 
10,11,12 


8 
GND 
ground 
(0 V) 


13 
D 
data input 


14 
lE 
latch enable input 
(active lOW) 


15 
MR 
conditional 
reset input 
(active lOW) 


16 
VCC 
positive supply 
voltage 


LE 


13 
00 
a, 
a, 
a, 
'0 
a, 


" 


as 
10 
as 
" 
a, 
" 
MR 


~IS 
7l9JJ11 


'3 
IS 


OX 


, 
O} 0 
,, 
2 G, 


14 
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The "259" 
has four modes of operation 


as shown in the mode select table. 
In the addressable latch mode, data on 
the data line (D) is written 
into the 
addressed latch. The addressed latch will 
follow 
the data input 
with 
all non- 
addressed latches remaining in their 
previous 
states. 
In the memory 
mode, 


all latches 
remain 
in their 
previous 
states and are unaffected by the data 
or address inputs. 


In the 3-to-8 decoding or demultiplexing 
mode, the addressed output 
follows the 
state of the D input with all other outputs 
in the LOW state. In the reset mode all 
outputs are LOW and unaffected 
by the 
address (AO to A2) and data (0) input. 
When operating the "259" 
as an 


addressable latch, changing more than one 
bit of address could 
impose 
a transient· 
wrong address. Therefore, this should only 
be done while in the memory mode. The 
mode select table summarizes the 
operations of the "259". 


8 


LATCHES 
Q4 
f'_ 


as 
10 


05 'l 


Q112 


IT 
MR 
MODE 
I 


L 
H 
addressable latch 


H 
H 
memory 
L 
L 
active HIGH 8-channel demultiplexer 


H 
L 
reset 


I OPERATING 
MODES 
INPUTS 
OUTPUTS 


MR IT [) AO Al 
AZ 
QO 
Ql 
QZ 
Q3 
Q4 
Q5 
Q6 
Q7 


master reset 
L 
I H 1)( 
X 
X 
X 
L 
L 
L 
L 
L 
IL 
L 
L 


L 
L 
cI 
L 
L 
L 
Q=d 
L 
IL 
L 
L 
L 
L 
L 


L 
L 
cI 
H 
L 
L 
L 
Q=d 
L 
L 
L 
L 
L 
L 


demultiplex 
L 
L 
cI 
L 
H 
L 
L 
L 
Q=d 
L 
L 
L 
L 
L 


(active HIGH) 
L 
L 
d 
H 
H 
L 
L 
L 
L 
Q=d 
L 
L 
L 
L 


decoder 
IH 
(when D = H) 
L 
L 
d 
L 
L 
L 
L 
L 
L 
Q=d 
L 
L 
L 
L 
L 
d 
H 
L I~ 


L 
L 
L 
L 
L 
Q=d L 
L 
L It 


d 
L 
H 
L 
L 
L 
L 
L 
L 
Q=d 
L 


L 
d 
H 
H 
L 
L 
L 
L 
L 
L 
L 
Q=d 


, store (do nothing) 
IH 
I H I X Ix 
X 
X 
qo 
ql 
Iq2 
q3 
q4 
% Iq6 
q7 


H 
L 


~ 


L 
L 
L 
Q=d 
ql 
I q2 
q3 
q4 
% 
% 
q7 
H 
L 
H 
L 
L 
qo 
Q=d 
q2 
q3 
q4 
% 
% 
q7 


H 
L I~ 


L 
H 
L 
qo 
ql 
Q=d 
q3 
q4 
% 
% 
q7 


H 
L 
H 
H 
L 
qo 
ql 
q2 
Q=d q4 
% 
% 
q7 
addressable latch 


H 
L 
d 
L 
L 
H 
qo 
ql 
q2 
q3 
Q=d % 
% 
q7 
H 
L 
d 
H 
L 
H 
qo 
ql 
q2 
q3 
q4 
Q=d q6 
q7 
H 
L 
d 
L 
H 
H 
qo 
ql 
q2 
q3 
q4 
q5 
Q=d q7 
H 
L 
d 
H 
H 
H 
qo 
ql 
q2 
q3 
q4 
q5 
% 
Q=d 


H = HI GH voltage level 
L = LOW voltage level 
X = don't 
care 
d = HIGH or LOW data one set-up 
time prior to the LOW-to-HIGH 
[E transition 
q = lower case letters 
indicate 
the 
state of the referenced 
output 


established during the last cycle 
in which it was addressed 
or 
cleared 
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For the DC characteristics 
see chaoter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V;tr 
= tf=6ns;CL 
= 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to+85 
-40to 
+125 


I 


V 


min. 
typo 
max·l 
min. 
max. 
min. 
max. 


tpHLI 
I propagation delay 
58 
185 
230 
280 


1 
2 
. 
0 


I 


21 
37 
46 
56 
ns 
4.5 
Fig. 7 
tpLH 
D to On 
17 
31 
39 
48 
6.0 


tPHLI 


I 
1 


58 


I 


185 
230 
280 
2.0 
propagati on delay 
21 
37 
46 
56 
ns 
4.5 
Fig. 8 
tpLH 
An to On 
17 
31 
39 
48 
6.0 


I 


1 
55 


I 


170 
215 


I 


255 
2.0 
I 
tPHLI 
propagation delay 


1 
20 
34 
43 
51 
ns 
4.5 
I Fig. 6 
tpLH 
LE to On 
16 
I 29 
37 
I 43 
6.0 


I 


I 


I 
I 
I 


propagation 
delay 
150 I 155 


1 


195 
235 
20 


tPHL 
18 
31 
39 
47 
ns 
45 
Fig. 9 
MR to On 
14 I 26 
33 
40 
6.0 


tTHLI 
I 


19 


1 


75 
95 
119 
2.0 


I 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
I 
6 
13 
16 
19 
6.0 


I 


LE pulse width 
70 If I 


90 I 


I 


105 
2.0 
tw 
14 
18 
21 
ns 
4.5 
Fig. 6 
HIGH or LOW 
12 
15 
18 
6.0 


I 


M R pulse width 


1 


70 


If I 
I 


90 


I 
I 


105 
2.0 


I Fig. 9 
tw 
14 
18 
21 
ns 
4.5 
LOW 
12 
15 
18 
6.0 


I 


80 rl 


100 
120 


I 
2.0 
set-up time 


I 
tsu 
D, An to LE 
16 
20 
24 
ns 
4.5 
Figs 10 and 11 


14 
17 
20 
I 
6.0 


I 


hold time 
0 


- 
19 


1 


0 
0 
2.0 
th 
D to LE 
0 
-6 
0 
0 
ns 
4.5 
Fig. 10 


0 
-5 
0 
0 
6.0 


hold time 
2 
-11 
2 
2 
2.0 


th 
An to LE 
2 
-4 
2 
2 
ns 
4.5 
Fig. 11 


2 
-3 
2 
2 
6.0 


Moc,h 19881( 
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For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (/lICC) for a unit load of 1 is given in the family specifications. 
To determine /lICC per input. multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


An 
1.50 
IT 
1.50 
D 
1.20 
MR 
0.75 


AC CHARACTERISTICS 
FOR 74 
CT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40to 
+85 
-40 to+125 
V 


min. 
typ·1 max. 
min. 
max. 
I 


min. 
max. 


tPHLI 
propagation delay 
23 I 


39 
I 


49 


I 


59 
ns 


14.5 
Fig. 7 


tpLH 
D to Qn 


tPHLI 
propagation delay 
25 
41 
51 
62 
ns 
4.5 
Fig.8 
tPLH 
An to Qn 


tPHLI 


1 


propagation delay 
22 
38 
48 
57 
ns 
4.5 
Fig.6 


tPLH 
LE to Qn 


I 
I 59 
tPHL 
propagation delay 
23 
39 
49 
ns 
4.5 
Fig. 9 
MR to Qn 
I 


tTHLI 
output 
transition 
time 


I 


7 
15 
19 
22 
ns 
4.5 
Figs6 and 7 
tTLH 


tw 
LE pulse width 
19 
11 
24 
29 


1 


ns 
4.5 
Fig. 6 
LOW 
I 


tw 
MR pulse width 
18 
10 
23 
I 


27 
ns 
4.5 
Fig. 9 
LOW 


tsu 
set·up time 
17 
10 
21 


1 


26 
ns 


1 
45 
Fig. 10 
D to IT 


tsu 
I 


set·up time 
17 
10 
21 


I 
I 


26 
4.5 
Fig. 11 
An to LE 
ns 


th 
hold time 
0 
-8 
0 
0 
DtoIT 
ns 
4.5 
Fig. 10 


th 
hold time 
0 
-4 
0 
0 
An to LE 
ns 
4.5 
Fig. 11 
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Do 
INPUT \~_.J 


~ 


'PHL- 
-=r'PLH- 


Q'l0UTPUT 
V\111l 
"",,, 
J _'THL 
- 
- 'TLH 


Fig. 6 Waveforms 
showing the enable input 
(LE) 
to output 
IQn) propagation 
delays, the enable 


input 
pulse width 
and the output 
transition 
times. 


Fig. 8 Waveforms 
showing 
the address 
inputs 
(An) 
to outputS 
(Qn) propagation 
delays and the output 
transition 
times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GNO to 'Icc. 
HCT: VM = 1.3 V; VI = GNO to 3V. 


J,,",,'I 19861 ( 


Fig. 7 Waveforms 
showing 
the data input 
(01 to 
output 
IQn) propagation 
delays and the output 
transition 
times. 


Fig. 9 
Waveforms 
showing 
the conditional 
reset 
input 
(MR) to output 
(Qn) propagation 
delays. 


-l 


,VM'II 
~------~ 


Fig. 11 Waveforms 
showing 
the address set-up 
and hold times for An inputs to IT input. 


Note to Figs 10 and 11 


The shaded areas indicate 
when the input 
is 
permitted 
to change 
for predictable 
output 


performance. 


____ 
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• 
Ideal buffer 
for MOS microproc"ssor 
or memory 


• 
Common 
clock 
and master reset 
• 
Eight positive edge-triggered D-type 
flip-flops 


• 
See "377" 
for clock enable version 
• 
See "373" 
for transparent 
latch 


version 
• 
See "374" 
for 3-state version 
• 
Output 
capability; 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT273 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance withJEOEC standard no. 7A. 


The 74HC/HCT273 haveeight edge- 
triggered, Ootypeflip-flops with 
individual 
0 inputs 
and Q outputs. 
The common clock (CP) and master reset 
(MR) inputs load and reset Iclear) all 
flip-flops simultaneously. 
The state of each D input, one set-up 
time before the LOW-to-HIGH clock 
transition, 
is transferred 
to the 
corresponding output IOn) of the 
flip-flop. 


All outputs will be forced LOW 
independently 
of clock 
or data 
inputs 


by a LOW voltage level on the 
MR input. 


The 
device 
is useful 
for applications 
where 
the true output 
only 
is required 
and the clock and master reset are 
common 
to all storage 
elements. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 


propagation delay 
CPto Qn 
15 
15 
ns 
tPLH 
MR to Qn 
CL=15pF 
15 
20 
ns 
VCC = 5 V 


fmax 
maximum 
clock 
frequency 
66 
36 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CpO 


power 
dissipation 
notes 1 and 2 
20 
23 
pF 
capacitanceper flip-flop 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PO in ~W): 


Po = CPO X VCC' x fi + ~ ICt:.x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fa = output frequency in MHz 
VCC = supply voltage in V 
L ICL x VCC' x fol = sum of outputs 


2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead01L; plastic ISOT1461. 
20-leadmini-pack; plastic (S020; S0T163AI. 


PIN NO. 
SYMBOL 
NAME ANO FUNCTION 


1 
MR 
master 
reset input 
(active 
LOW) 
2,5,6,9,12, 
00 to Q7 
flip·flop outputs 
15,16,19 
3,4,7,8,13, 
00 to 07 
data inputs 
14,17,18 
10 
GNO 
ground 10VI 


11 
CP 
clock input ILOW·to-H IGH, edge·triggered) 
20 
VCC 
positive 
supply 
voltage 


Vcc 


a, 
11 


c, 


00 
00 


0, 
a, 


0, 
a, 
a. 
0, 
a, 
as 
13 
0, 
a, 
12 


Os 
as 
15 
13 
'2 


17 
D. 
a. 
,. 
" 


15 
,. 
0, 
a, 
19 
17 
,. 


a, 
"R 
,. 
19 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 
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J 
00 
°0 
2 
, 
0, 
0, , 
, 
0, 
0, , 


8 
OJ 
'Fl 
OJ 
9 


13 
0, 
0, 
12 
'Fa 
0, 
14 
0, 
15 


17 
0, 
0, 
16 


18 
0, 
0, 
19 


INPUTS 
OUTPUTS 


OPERATING 
MODES 


Dn 
MR 
CP 
Dn 


reset (clear) 
L 
X 
X 
I 
L 


load "'" 
H 
t 
h 
H 


load "0" 
H 
t 
I 
L 


H 
HIGH 
voltage 
level 
h 
HIGH 
voltage 
level one set-up time prior 
to the 


LOW-to-HIGH 
CP transition 
L 
LOW voltage 
level 
I 
LOW voltage 
level one set-up 
time 
prior 
to the 


LOW-to-HIGH 
CP transition 


t 
LOW-to-HIGH 
transition 


X = don't 
care 


552 
S,~,m"'c 19931 ( 
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DC CHARACTERISTICS 
FOR 
74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND= 
0 V;tr= 
tf= 
6 ns;CL 
= 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max.1 
min. 
max. 
min. 
max. 


I tPHL/ 
propagation 
delay 
41 
150 
185 
225 
2.0 


I 
Fig. 6 
15 
30 
37 
45 
ns 
4.5 
tPLH 
CP to Qn 
13 
26 
31 
38 
6.0 


propagation 
delay 
44 
150 
185 
225 
2.0 


tPHL 
MR to Qn 
16 
30 
37 
45 
ns 
4.5 
Fig.7 
14 
26 
31 
38 
6.0 


tTHL/ 


19 
75 
95 
110 


I 


2.0 


I 
Fig.6 
output 
transition 
time 
I~ 


15 
19 
22 
ns 
4.5 


tTLH 
13 
15 
19 
I 
6.0 


clock pulse width 
80 
14 


I 


100 
120 
2.0 


tw 
HIGH or LOW 
16 
5 
20 
24 
ns 
4.5 
Fig. 6 
14 
4 
17 
20 
6.0 


master reset pulse width 
60 
17 


I 


75 
90 


I 


2.0 


tw 
LOW 
12 
6 
15 
18 
ns 
4.5 
Fig. 7 
10 
5 
13 
15 
6.0 


removal 
time 


I 


50 
-6 


I 


I 65 
75 


I 


2.0 


trem 
MR to CP 
10 
-2 


I 


13 
15 
ns 
4.5 
Fig. 7 


9 
-2 
11 
13 
6.0 


60 
I 75 
90 


I 


2.0 


I 


set-up time 
11 


I 


tsu 
Dn to CP 
12 
4 
15 
18 
ns 
4.5 
Fig.8 


10 
3 
13 
15 
6.0 


hold time 
3 
-6 
3 
3 


I ns 


2.0 


I 


th 
Dn to CP 
3 
-2 
3 
3 
4.5 
Fig.8 
3 
-2 
3 
3 
6.0 


maximum 
clock 
pulse 
6.0 
20.6 
4.8 
4.0 
2.0 


fmax 
30 
103 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
122 
28 
24 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chap:er 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(t) lee) for a unit 
load of 1 is given in the family 
specifications. 
To determine 
Dice 
per input, 
mult 
ply this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


MR 
1.00 
CP 
1.75 
On 
0.15 


AC CHARACTERISTICS 
FOR 74HCT 


GND= 
0 V;tr=tf= 
6 ns;CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
I UNIT 
SYMBOL 
PARAMETER 
VCC 
WAVEFORMS 
+25 
-40to 
+85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max·l 
min. 
max. 


I tPHLI 
propagation delay 


I 
1 
16 
I 


30 
38 
I 


45 
ns 


14.5 
I 
Fig.6 


I tPLH 
CP to Qn 


I tPHL 


propagation delay 
23 


1 
34 
43 
I 
I 


51 
ns 
4.5 
Fig. 7 
MR to Qn 


tTHLI 


I 


output 
transition 
time 
I 


7 I 


15 
19 


I 
I 


22 
ns 
4.5 
Fig. 6 
tTLH 


I 
1 
9 
I 


I 
I 
I ns 
I 
I clock pulse width 
Fig. 6 
tw 
HIGH or LOW 
16 
20 
I 


24 
4.5 


tw 
I 


master 
reset 
pulse 
wiath 
16 
8 
I 


20 


I 


24 
ns 
4.5 


I 


Fig.7 
LOW 


trem 


removal 
time 


I 


10 
-2 
13 
15 
ns 
4.5 
Fig. 7 
MR to CP 


tsu 
I set·up time 
12 


1 
5 
15 


I 


18 
ns 
4.5 
Fig. 8 


, 
On to CP 


hold time 


I 


I 


I 
th 
On to CP 
3 
-4 
3 
3 
ns 
4.5 
Fig.8 


fmax 


maximum 
clock 
pulse 
30 
56 
24 
20 
MHz 
4.5 
Fig.6 


frequency 
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""'"'~ 


--tW_1 
I 


- 
l~HL -: 
.-tpLH--' 


O"OUTPUr 
~ 
~t 


1Z!l14791 
_. 
1_ 
tTHL 
__ . 
__ 
tTLH 


Fig. 6 
Waveforms 
showing 
the clock 
(CP) to 
output 
(Qn) 
propagation 
delays, 
the clock 
pulse 


width output transition times and the maximum 
clock 
pulse frequency. 


Note 
to AC waveforms 


(1) 
HC 
: VM ~ 50%; VI = GNO 
to VCC' 


HCT: 
VM ~ 1.3 V; VI = GNO to 3 V. 


c." 


Fig. 7 Waveforms 
showing 
the master 
reset (M R) 


pulse width, 
the master 
reset to output 
(Qn) 
propagation 
delays 
and the master 
reset to clock 
(CP) removal 
time. 


Fig.8 
Waveforms 
showing 
the data set-up 
and 
hold 
times 
for 
the data input 
(On). 


Note 
to 
Fig. 8 


The shaded areas indicate when the input is 
permitted 
to change 
for predictable 
output 
performance. 
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74HC/HCT280 


MSI 


• 
Word-length 
easily expanded by 
cascading 
• 
Similar pin configuration 
to the 
"180" 
for easy system up-grading 
• 
Generates either odd or even parity 
for nine data bits 


• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 
The 74HC/HCT280 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTLI. They are specified in 
compliance with JEDECstandard no_7A. 


The 74HC/HCT280 are 9-bit parity 
generators 
or checkers 
commonly 
used to 


detect errors in high-speeddata 
transmission or data retrieval systems. 
80th even and odd parity outputs are 
available 
for generating 
or checking 
even 
or odd parity up to 9 bits. 


The even parity output (~E) is HIGH 
when 
an even number 
of data inputs 
(10to 18)are HIGH. The odd parity 
output (l:0) is HIGH when an odd 
number of data inputs are HIGH. 


Expansion 
to larger word 
sizes is 


accomplished by tying the evenoutputs 
(~E) of up to nine parallel devicesto 
the data inputs of the final stage. 
For a single-chip 16-bit even/odd par ty 
generator/checker, seePC74HC/HCT70S0. 


• 
25-line parity generator/checker 
• 
81-line parity generator/checker 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHL/ 
propagation delay 
CL = 15 pF 
In to ~E 
17 
1S 
ns 


tpLH 
In to EO 
VCC = 5 V 
20 
22 
ns 


CI 
input 
capacitance 
3.5 
3_5 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
65 
65 
pF 
capacitance 
per package 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlWI: 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fol where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa = output frequency in MHz 
VCC = supply voltage in V 


~ (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


14-lead 
01 L: plastic 
(50T271. 


14-lead mini-pack; plastic {S014; SOT108Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


S,9, 10, 11, 
10to IS 
data inputs 
12,13,1,2,4 


5,6 
~E, EO 
parity outputs 


7 
GND 
ground (0 VI 


14 
VCC 
positive supply voltage 


'0 
2k+l 
2k 


" 
10 


" 


!E 
'0 
'0 


11 
'3 
, 11 


12 


" 
" 
" 


" 


'3 
" 


13 
, 13 


" 
'0 


"'. 


7Z87498 
IZ96928.1 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig.3 
IEC logic symbol. 


74HC/HCT280 


MSI 


INPUTS 
OUTPUTS 


number of HIGH data inputs 
~E 
1:0 


(10 to IS) 


even 
H 
L 
odd 
L 
H 


'o~ 
"-1>i 


'2----(>0- 
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74HC/HCT280 


MSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to+85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
55 
200 
250 
300 
2.0 
20 
40 
50 
60 
ns 
4.5 
Fig.6 
tpLH 
In to ~E 
16 
34 
43 
51 
6.0 


tPHLI 
propagation delay 


1 


63 


1 


200 
250 
300 
2.0 
23 
40 
50 
60 
ns 
4.5 
Fig. 6 
tPLH 
In to ~O 
18 
34 
43 
51 
6.0 


trH LI 
19 
75 
95 
110 
2.0 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


74HC/HCT280 


MSI l 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (e>iCC)for a unit load of 1 is given in the family specifications. 
To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to 
+85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation delay 
21 
42 
53 
63 
ns 
4.5 
Fig. 6 
tPLH 
In to LE 


tPHLI 
propagation delay 
26 
45 
56 
68 
ns 
4.5 
Fig. 6 
tPLH 
In to LO 


trH LI 
output 
transition 
timE) 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
trLH 


~ 


E:--C.I 


. 
[ 
VMII) 


'THLJ - 
~ -'TLH 


Fig. 6 Waveforms showin!l the data input (In) 
to parity outputs (L E.LO) 
propagation delays 
and the output 
transition 
time. 
Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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10 
'2 


'3 
~E 
5 (ev,>npafltvl 


12 


" 
} PO'''' 
13 
'S 
outouts 


" 
~o 
6 
(odd 
Darltv) 


"'. 


Note 
to Fig. 7 


For a single-chip 
16-bit 
even/odd 
parity 
generator/checker, 
see PC74HC/HCT7080. 
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74HC/HCT283 


MSI 


FEATURES 


• 
High-speed 4-bit binary addition 
• 
Cascadable in 4-bit increments 


• 
Fast internal 
look-ahead carry 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT283 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEOEC standard no_7A. 


The 74HC/HCT283 add two 4-bit 
binary words (An plus 8nl plus the 
incoming 
carry. 
The 
binary 
sum appears 
on the sum outputs (1:1 to 1:41and tha 
out-going carry (COUT) according to 
the equation; 


CIN + (A1 + 81) + 2(A2 + 82) + 


+ 4(A3 + B3) + 8(A4 + B4) = 


= 1:1 + 21:2 + 41:3 + 81:4 + 16COUT 
Where (+1= plus. 


Due to the symmetry of the binary add 
function, the "283" can be used with 
either all active HIGH operands (positive 
logicl or all active LOW operands 
(negative logicl; seefunction table. 
In caseof all active LOW operandsthe 
results 1:1 to 1:4 and COUT should be 
interpreted 
also as active 
LOW. 
With 


active HIGH inputs, CIN must be held 
LOW 
when 
no "carry 
in" is intended. 
Interchanging inputs of equal weight does 
not affect the operation, thus CIN, A1, 
81 can be assigned arbitrarily 
to pins 5, 


6, 7, etc. 
Seethe "583" 
for the BCOversion. 


I 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 


I 
I UNIT 
HC 
HCT 
, 


propagation delay 


CIN to ~1 
16 
15 
ns 
CIN to I2 
18 
21 
ns 
tPHLI 
CIN to ~3 
CL=15pF 
20 
23 
ns 
tPLH 
CIN to ~4 
VCC = 5 V 
23 
27 
ns 


I 


An or Bn to ~n 
21 


I 


25 
ns 
CIN to COUT 
20 
23 
ns 


I 
An or Bn to COUT 
I 20 
24 
ns 


CI 
input capacitance 
3,5 
I 3.5 
I pF 
I 


CPO 


power 
dissipation 
notes 1 and 2 
88 
92 
pF 
capacitance per package 


GND = 0 V; Tamb = 25°C; tr = tf = 6 ns 


Notes 


1. CPO is used to determine the dynamic power diSSipation (PO in ~WI: 


Po = CPO x VCC' x fi + ~ (CL x VCC' x fo) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


1: (CL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 
16-lead DIL: plastic 150T38ZI. 


16-leadmini-pack: plastic 15016; 50Tl09AI. 


PIN DESCRIPTION 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


4, " 
13, 10 
1:1 to 1:4 
sum outputs 


5,3,14,12 
A1 toA4 
A operand 
inputs 


6,2,15,11 
81 to B4 
B operand 
inputs 


7 
CIN 
carry 
input 


8 
GNO 
ground (0 V) 


9 
COUT 
carry 
output 


16 
VCC 
positive supply voltage 


5r 
" 
15 
"" 
'I: 


C'N 
COUT 
} 


13 


'0 


15 


13 
'0 


C, 
co 


Fig. 2 
Logic symbol. 
Fig.3 
IEC logic symbol. 
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_ 


PINS 
GIN 
A, 
A2 
1\31 
A4 
8, 
82 
83 
84 
:1:, 
:1:2 
:1:3 
:1:4 
GOUT 
EXAMPLE 


logic levels 
L 
L 
H 
L 
H 
H 
L 
L 
H 
H 
H 
L 
L 
H 


active 
HIGH 
0 
0 
1 
0 
1 
1 
0 
0 
1 
1 
1 
0 
0 
1 
(a) 


active 
LOW 
1 
1 
0 
1 
0 
0 
1 


11 
0 
0 
0 
1 
1 
0 
(b) 


10011 


(a) 
for 
active 
HIGH, 
example 
~ (9 + 10 = 19) 


(b) 
for 
active 
LOW, 
example 
~ (carry 
+ 6 + 5 = 12) 
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DC CHARACTERISTICS 
FOR 74 
C 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74 
C 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 


--40 to +85 1-40 
to +125 


UNIT 
VCC 
WAVEFORMS 


+25 
V 


min. 
typo 
max. 
min. 
max. 
Imin. 
max. 


propagation delay 
52 
160 
200 
240 
2.0 
tPHL/ 
19 
32 
40 
48 
ns 
4.5 
Fig. 6 
tPLH 
CIN to r1 
15 
27 
34 
41 
6.0 


tPHL/ 
propagation delay 
58 
180 
225 


I 


270 
2.0 
21 
36 
45 
54 
ns 
4.5 
Fig.6 
tpLH 
CIN to r2 
17 
31 
38 
46 
6.0 


tPHL/ 
propagation delay 
63 
195 
245 


I 


295 


I ns 


2.0 


I 


23 
39 
49 
59 
4.5 
Fig. 6 
tPLH 
CIN to r3 
18 
33 
42 
50 
6.0 


tPHL/ 
propagation 
delay 
74 
230 


I 


290 
345 
2.0 


27 
46 
58 
69 
ns 
4.5 
Fig.6 
tPLH 
CIN to ~ 
22 
39 
49 
59 
6.0 


tPHLI 
propagation 
delay 
69 
210 
265 


I 
1 


315 
20 


25 
42 
53 
63 
ns 
4.5 
Fig,6 
tPLH 
An or Bn to ~ 
20 
36 
45 
54 
6.0 


tPHL/ 
propagation delay 
63 
195 


I 


245 


I 


295 


I 


2.0 


I Fig. 6 
23 
39 
49 
59 
ns 
4.5 
tPLH 
CIN to COUT 
18 
33 
42 
50 
6.0 


tPHL/ 
propagation 
delay 
63 
195 
245 
295 
2.0 
23 
39 
49 
59 
ns 
4.5 
Fig.6 
tPLH 
An or Bn to COUT 
18 
33 
42 
50 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


DC 
CHARACTERISTICS 
FOR 
74HCT 


For the 
DC characteristics 
see chap-cer 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: 
MSI 


Note 
to 
HCT 
types 


The 
value of additional 
quiescent 
supply 
current 
(.6.JCC) for a unit 
load of 1 is given in the family 
specifications. 
To determine 
6.lce per input, 
mul1iply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 


I 


UNIT 
LOAD 


COEFFICIENT 


CIN 
1.50 


B2. A2. 
Al 
100 


B1 
0.40 


B4. A4. 
0.50 


A3. 
B3 


AC 
CHARACTERISTICS 
FOR 
74HCT 


GND = a V; tr = tf = 6 ns; CL = 50 pF 


I 


Tamb 
(OCI 
TEST 
CONDITIONS 


74HCT 
I 
I 
SYMBOL 
PARAMETER 


1-40 
to +125 
I 


UNIT 
I V~c 
WAVEFORMS 
+25 
1-40 
to +85 


min.! 
typo 
max. 
I 
. 
I 
I 
. 
I 
i min. 
max. 
min. 
, max. 
I 


tpHLI 
propagation 
delay 
18 
31 


1 
39 
47 
I 


I 


tPLH 
CIN 
to 
~1 


ns 


145 
Fig. 6 


I 


tPHLI 
propagation 
delay 
I 
I 
ns 


1 
45 
tPLH 
CIN 
to 
L2 
25 
43 
54 
65 
Fig. 6 


I 
I 
1 


46 


I 


I 
tPHLI 
I propagation 
delay 
27 
I 
58 
69 
Fig. 6 
tpLH 
CINto~3 
ns 


1 
45 


I 


tPHLI 


I 


I 


I 45 


propagation 
delay 
31 
53 
66 
80 
ns 
Fig. 6 
tPLH 
CIN 
to 
~4 


tpHLI 
propagation 
delay 
29 
49 
61 
174 
I 
ns 


1 45 
Fig. 6 
tPLH 
An or Bn to :rn 
I 


I 
I 


158 


I 
I 
I 


tPHLI 
propagation 
delay 
I 


1 
69 
tpLH 
CIN 
to COUT 
27 


1 
46 
I 
ns 
45 
Fig. 6 


tPHLI 
propagation 
delay 
I 
28 
48 
60 
I 
72 
ns 
4.5 
Fig. 6 
tpLH 
An or Bn to COUT 
I 
I 
I 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
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74HC/HCT283 


MSI 


Fig.6 
Waveforms 
showing 
the inputs 
(CIN. 
An, 
Bnl to the outputs 
(~n. 
COUT) 
propagation 
delays and the output 


transition 
times. 
Note to AC waveforms 


(1) 
HC 
VM = 50%; VI = GND 
to VCC' 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V. 
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MSI 


Il 
_ 


A, " 
A, 
" 


C" 
A 10 
B 10 


C'N 
COUT 
C'N 
C'N 
COUT 
C, 


C3 
!, 
!, 
C, 
1:10 


Fig.7 
3-biI adder. 
Fig. 8 2-bit and '-bit 
adder. 


I 
I 
-------------------------- 


Note to Figs 7 to 10 


Figure 7 si,ows a 3-bit adder using the "283". 
Tying the operand 
inputs of the fourth 
adder (A3, 831 LOW makes ~3 
dependent 
on, and equal to, the carry from the third adder. 
8ased on the same principle, 
Figure 8 shows a method 
of dividing the 
"283" 
into a 2-bit and J-bit adder. The third stage adder (A2, 82, ~21 is used simply as means of transfering 
the carry into the 
fourth 
stage (via A2 and 821 and transfering 
the carry from the second stage on ~2. Note that as long as A2 and 82 are the same, 


HIGH 
or LOW, 
they 
do not influence 
I:2. Similary, 
when 
A2 
and 82 
are the same, the carry 
into the third 
stage does not 
influence 


the 
carry 
out 
of the 
third 
stage. 
Figure 
9 shows 
a method 
of 
implementing 
a 5-input 
encoder, 
where 
the 
inputs 
are equally 
weighted. 
The outputs 
~O, ~, 
and ~2 produce 
a binary 
number 
equal to the number 
inputs 111to 151that are HI G H. Figure' 
0 shows a 
method 
of implementing 
a 5-input 
majority 
gate. When three or more inputs 
(I, 
to 151are HIGH, 
the output 
M5 is HIGH. 
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MSI 


• 
Digital design avoids analog 
compensation errors 
• 
Easily cascadable for higher order 
loops 
• 
Useful frequency 
range: 
DC to 55 MHz typical 
(K-clocld 
DC to 35 MHz typical 
(I/D-<:Iockl 


• 
Dynamically 
variable bandwidth 
• 
Very narrow bandwidth 
attainable 


• 
Power-on reset 
• 
Output 
capability: 
standard/bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT297 are high·speed 
Si·gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standardno. 7A. 


The 74HC/HCT297 are designedto 
provide a simple, cost-effective 
solution 
to high-accuracy, 
digital, 
phase·locked-Ioop applications. These 
devices contain all the necessary 
circuits, 
with 
the exception 
of the 
divide-by-n 
counter, 
to build 
first 
order phase·locked-loops. 


Both EXCLUSIVE-OR (XORPo) and edge· 
controlled (ECPol phasedetectors are 
provided 
for maximum 
flexibility. 
The 


input signalsfor the EXCLUSIVE-OH 
phase detector 
must have a 50% duty 


factor 
to obtain 
the 
maximum 
lock- 
range. 


P~oper partioning 
of the loop function, 


With many of the building blocks 
external 
to the package, 
makes it easy 
for the designer to incorporate 
ripple 
cancellation 
(see Fig. 7) or to cascad(~ 
to higher order phase-locked-loops. 


(continued 
on next page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 
tpHLI 
I/oCp to I/DOUT 
15 
18 
tpLH 
oPAl.oPBto XORPoOUT 
13 
13 
ns 
oPB,oPA2to ECPoOUT 
CL = 15 pF 
19 
19 


maximum 
clock 
frequency 
VCC = 5 V 


fmax 
KCp 
63 
68 
MHz 
I/oCp 
41 
40 


CI 
I 
input 
capacitance 
3.5 
3.5 
pF 


CPO 


power 
dissipation 
notes 1 and 2 
18 
19 
pF 
capacitance 
per package 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PO in IlW): 


Po = CPO x VCC' x fi +:<: (CL x VCC' x fol where: 


fj 
= 
input 
freql'ency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo 
= output frequency in MHz 
VCC 
= supply voltage in V 


L (CL X VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GNo to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-lead01L; plastic IS0T38ZI. 


t6-lead mini-pack; plastic IS016L: SOT162AI. 
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PIN NO. 
SYMBOL 
NAME AND FUNCTION 


2,1,15,14 
A, B, C, D 
modulo 
control 
inputs 


3 
ENCTR 
K-cQunter 
enable 
input 


4 
KCp 
K-cQunter 
clock 
input 
(LOW·to·HIGH, edge·triggeredl 


5 
1/DCp 
increment/decrement 
clock 
input 


(HIGH·to·LOW, edge·triggeredl 


6 
DIU 
down/up 
control 


7 
I/DOUT 
increment/decrement 
bus output 


8 
GND 
ground (0 VI 


9,10,13 
¢A1,¢B,M2 
phase 
inputs 


11 
XORPDOUT 
EXCLUSIVE·OR phasedetector output 


12 
ECPDOUT 
edge-controlled 
phase detector 
output 


16 
VCC 
positive 
supply 
voltage 


or capture 
range and lengthens 
the lock 
time. Real·time control of loop bandwith 
by manipulating 
the A to 0 inputs 
can 
maximize 
the overall 
performance 
of the 
digital phase·lockedloop. 


The length of the upldown K-countar is 
digitally programmable according to the 
K·counter function table. With, A. B, C 
and D all LOW, the K·counter is disabled, 
With A HIGH and B, C and D LOW, the 
K·counter 
is only 
three 
stages long, which 
widens the bandwidth or capture range 
and shortens the lock time of the lo~p. 
When A. B, C and D are all programmed 
HIGH, 
the K-counter 
becomes seventeen 
stages long, which 
narrows 
the bandwidth 


The "297" can perform the classicfirst· 
order 
phase·locked·loop 
function 
without 


using analog 
components. 
The accuracy 
of 


the digital phase·locked·loop (DPLL) is 
not affected 
by V CC and temperature 
variations 
but depends 
solely 
on 


K·COUNTER 
(DIGITAL 
CONTROL) 


FUNCTION 
TABLE 


D 
C 
B 
A 
MODULO (K) 


L 
L 
L 
L 
inhibited 


L 
L 
L 
H 
2' 


L 
L 
H 
L 
2' 


L 
L 
H 
H 
2' 


L 
H 
L 
L 
2' 


L 
H 
L 
H 
2' 


I 


L 
H 
H 
L 
2' 


L 
H 
H 
H 
2· 


H 
L 
L 
L 
2" 


H 
L 
L 
H 
2" 


H 
L 
H 
L 
2" 


H 
L 
H 
H 
2" 


H 
H 
L 
L 
2" 


H 
H 
L 
H 
215 


H 
H 
H 
L 
2" 


H 
H 
H 
H 
2" 


EXCLUSIVE·OR 
PHASE DETECTOR 


FUNCTION 
TABLE 


¢Al 
¢B 
XORPDOUT 


L 
L 
L 


L 
H 
H 


H 
L 
H 


H 
H 
L 


EDGE·CONTROLLED 
PHASE 


DETECTOR 
TABLE 


¢A2 
¢B 
ECPDOUT 


H or L 
• 
H 
• 
H or L 
L 


H or L 
t 
no change 
t 
H or L 
no change 


H = HIGH voltage level 
L = LOW voltage level 
4 = HIGH·to·LOW transition 
t = LOW·to·HIGH transition 


The 
phase detector 
generates 
an error 
signal waveform 
that, 
at zero phase error, 
is a 50% 
duty 
factor 
square wave. At 
the 


limits 
of linear 
operation, 
the phase 
detector output will be either HIGH or 
LOW all of the time depending on the 
direction of the phaseerror (¢IN - ¢OUT)' 
Within 
these 
limits 
the phase detector 
output 
varies Iinearly 
with 
the input 
phase 


____ 
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error 
according 
to the gain kd, which 
is 
expressed in terms of phase detector 
output 
per cycle or phase error. 
The 
phase detector 
output 
can be defined 
to 
vary 
between 
± 1 according 
to the relation: 


%HIGH-%LOW 
phasedetector output = 
100 
. 


The output of the phasedetector will be 
kd<Pe.where the phaseerror 
<Pe= <PIN- <POUT 


EXCLUSIVE-OR phasedetectors 
(XORPO) and edge-controlled phase 
detectors IECPD) are commonly used 
digital types. The ECPD is more complex 


than the XORPD logic function 
but can 


be described 
generally 
as a circuit 
that 
changes states on one of the transitions 
of its inputs. The gain (kd) for an XORPD 
is 4 
because its output 
remains 
HIGH 


(XORPDOUT = 1) for a phaseerror of 
1/4 cycle. 
Similarly. kd for the ECPD is 2 since its 
output 
remains HIGH for a phase error 
of 
1/2 cycle. The type of phasedetector will 
determine 
the zero-phase-error 
point, 
Le .. 
the phaseseparation of the phasedetector 
inputs 
for a ¢e defined 
to be zero. 
For the 
basic DPLL system of Fig. 6 1>e= 0 when 
the phase detector 
output 
is a square wave. 


The XORPD inputs are 1/4 cycle out-of- 
phasefor zero phaseerror. For the ECPD. 
<Pe= 0 when the inputs are 1/2 cycle out- 
of-phase. 


The.phasedetector output controls the 
up/down input to the K-counter. The 
counter is clocked by input frequency Mfc• 
which is a multiple M of the loop centre 
frequency fc. When the K·counter recycles 
up. it generatesa carry pulse. Recycling 
while 
counting 
down 
generates 
a borrow 
pulse. If the carry and the borrow outputs 
are conceptually 
combined 
into 
one 
output 
that 
is positive 
for a carry 
and 


negative 
for a borrow, 
and if the 
K-counter 


is considered 
as a frequency 
divider 
with 


the ratio Mfc/K. the output of the 
K-counter 
will 
equal 
the input 
frequency 
multiplied 
by the division 
ratio. 
Thus 
the 
output from the K-counter is Ikd<PeMfcl/K. 


The carry and borrow pulses go to the 
increment/decrement II/D) circuit which, 
in the absence 
of any carry 
or borrow 
pulses hasan output that is 1/2 of the 
input clock (I/DCp). The input clock is 
just a multiple, 2N, of the loop centre 
frequency. 
In response to a carry 
or 
borrow 
pulse, 
the liD 
circuit 
wiJl either 
add or delete a pulse at IIDOUT. Thus the 
output of the lID circuit will be 
Nfc + (kd<PeMfc)/2K. 


The output of the N-counter lor the 
output of the phase-locked-loop) is thus: 
fa = fc + Ikd<PeMfcl/2KN. 


If this result 
is compared 
to the equation 
for a first-order analog phase-locked-loop. 
the digital equivalent of the gain of the 
VCO is just Mfc/2KN or fc/K for M = 2N. 


Thus the simple first-order phase-Iocked- 
loop with 
an adjustable 
K·counter 
is the 
equivalent of an analog phase-locked-loop 
with a programmable VCO gain. 


74HC!HCT297 


MSI 


__ 
. 
-if- 
~n 
_ 


BORROW 
PULSE 
II 


(intern.1 
sll)nail 
-1 
~.~i_-------------------- 


I/DCp 
INPUT 
1JUl 
.. 


I/DOUT 
OUTPUT JLJ 
.. 


74HC/HCT297 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
standard/bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GNO = 0 V; tr = tf = 6 ns' CL = 50 pF 


I ,,"'OC 


Tamb (OC) 
TEST CONDITIONS 


74HC 


PARAMETER 


I 
1-40 
to +85 1-40 
to +125 I 


UNIT 
VCC 
WAVEFORMS 


+25 
V 


min.! 
typo 
max.1 
min. 
max.1 
min. 
max. 


I tPHLI 
propagation delay 


1 


50 


1 


175 


I 


220 
265 


I 


2.0 
18 
35 
I 
44 
53 
ns 
4.5 
Fig. 11 


tpLH 
I/OCp to I/OOUT 
14 
30 
37 
4S 
6.0 


I 


tPHLI 
propagation delay 


1 


44 
160 I 
200 
240 
2.0 


<PA1.<t>B 


I 


16 
32 


I 


40 
48 
ns 
4.5 
Fig. 12 
tPLH 
to XORPOOUT 
13 
27 
34 
41 
6.0 


tPHLI 
I propagation delay 


I 


61 
1220 


I 


275 


1 


330 


1 
20 
I Fig. 
<PB.<PA2 
22 
144 
55 
66 


I 


ns 
I 4.5 
13 
tPLH 
to ECPOOUT 
18 
137 
47 
56 
I 6.0 
I 


tTHLI 


output 
transition 
time: 


I 


14 


1 
60 


I 


; 75 


I 


1 
90 


I 


2.0 


I 


bus driver 
output; 
I~ 


12 
,15 
18 
ns 
4.5 
Fig.11 


tTLH 
I/OOUT (pin 7) 
r 
110 
113 


115 
6.0 


; 
I 


I 
output 
transition 
time: 
I;; 


, 
I 


tTHLI 


I 


standard outputs; 
19 
95 
110 
2.0 
7 
19 
22 
ns 
4.5 
Fig. 12 and 13 
tTLH 
XORPDOUT.ECPDOUT 
6 
13 
16 
19 
6.0 
(pins 11. 12) 


I 
80 
22 
I 
100 
120 


I 


2.0 
clock pulse width 


I 


tw 
I 
KCp 
16 
8 
1 
20 
24 
ns 
4.5 
Fig. 14 


I 
14 
6 
I 
17 
20 
I 
6.0 


1 


clock pulse width 
1100128 


I 


125 


I 


150 


I 


2.0 


tw 
,20 
10 
25 
30 
ns 
4.5 
Fig. 11 
I/DCp 
I 17 
8 
21 
I 
26 
6.0 
I 
I 
I 


i 120 
33 
I 


1 


150 


1 


180 
2.0 


tsu 
set-up time 
24 
12 
30 
36 
ns 
4.5 
Fig. 14 
DiD, ENCTR to KCp 
20 
10 
26 
31 
6.0 


hold time 
0 
-19 


/g 


0 
2.0 


th 
DIU, 
ENCTR to KCp 
0 
-7 
0 
ns 
4.5 
Fig. 14 


0 
-6 
0 
6.0 


1 
maximum 
clock 
pulse 


1 


60 
19 


I 


1 
48 
140 
2.0 


fmax 
30 
57 
,24 


1 
20 
MHz 
4.5 
Fig. 14 
frequency KCp 
35 
68 
128 
24 
6.0 


maximum 
clock 
puls~ 
4.0 
12 
3.2 
2.6 
2.0 


fmax 
frequency I/DCp 
20 
37 
16 
13 
MHz 
45 
Fig. 11 
24 
44 
19 
15 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output 
capability: 
standard/bus 
driver 


ICC category: MSI 


Note to HCT types 


The value 
of additional 
quiescent 
supplV 
current 
(.6.ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
.6.ICC per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


ENCTR, DIU 
0.3 


A, B, C, 0, 
0.6 
KCp,¢JA2 


IIDCp,¢A1, 
1.5 
¢B 


AC CHARACTERISTICS 
FOR 74HCT 


GN° = 0 V tr = tf = 6 ns' CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typ. 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
21 
35 
44 
53 
ns 
4.5 
Fig. 11 


tpLH 
I/DCp 
to I/DOUT 


tPHLI 


I 


propagation 
delay 
16 
32 
40 
48 
ns 
4.5 
Fig. 12 
tpLH 
¢Al, 
¢B to XORPDOUT 


tPHLI 
propagation 
delay 


I 


22 
44 
55 
66 
ns 
4.5 
Fig. 13 
tPLH 
¢B, ¢A2 to ECPDOUT 


I 


tTHLI 


I 


output 
transition 
time 


I 


bus driver output 
5 
12 
15 
18 
ns 
4.5 
Fig. 11 
tTLH 
IIDOUT (pin 7) 


I "."., 
"'"';';0" ';m. 
tTHLI 
standard outputs 
7 
15 
19 
22 
ns 
4.5 
Figs 12 and 13 
tTLH 
XORPDOUT, ECPDOUT 
(pins 11, 121 


tw 
I clock pulse width 
16 
8 
20 


I 


24 
ns 
4.5 
Fig. 14 


! 
KCp 


tw 
I 


clock 
pulse width 


I 
25 
13 


1 
31 


I 


38 
ns 
4.5 
Fig. 11 
I/DCp 
I 


tsu 
set-u..p time 
24 


1 
13 
30 
36 


I 


ns 
4.5 
Fig. 14 


DIU, 
ENCTR to KCp 


th 
hold time 
t# 


0 
I 


1 
0 
I 
1 
45 
Fig. 14 
DIU, ENCTR to Kcp 
ns 


j 


maximum 
dock 
pulse 
I 


I 


fmax 
frequency KCp 
30 
62 
24 


1 
20 
MHz 
4.5 
Fig. 14 


fmax 
maximum 
clock 
pulse 
20 
36 
16 
13 
MHz 
4.5 
Fig. 11 
frequency I/DCp 
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Fig. 
11 Waveforms 
showing 
the clock 
(I/DCp) 
to output 
II/DOUT) 
propagation 
delays, 
the 


clock 
pulse width, 
output 
transition 
times 
and maximum 
clock 
pulse frequency. 


n 


Fig. 
12 
Waveforms 
showing 
the phase input 


1¢8, <pAl) to output 
IXORPDOUT) 
propagation 
d£~lays and output 
transition 
times. 


\_- 


Fig. 
13 
Waveforms 
showing 
the 
phase 
input 
1¢8, ",A2) 
to output 
(ECPDOUT) 
propagation 
de'lays and output 
transition 
times. 


--.w-_I 
----1/fmax 
---- 


Fig. 14 Waveforms 
showing 
the clock 
IKCp) 
pulse width 
and the maximum 
clock 
pulse 
frequency, 
and the input 
(D/U, 
ENCTR) 
to clock 
(KCp) 
set-up and hold 
times. 


Note to Fig. 14 


-:-he shaded 
areas 
indicate 
when 
the 
input 
is permitted 
to change 
for predictable 
output 
performance. 


Note to AC waveforms 


111 HC 
VM = 50%; VI = GND 
to VCC. 


HCT; 
VM = 1.3 V; VI = GND 
to 3 V. 


____ 
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• 
Multiplexed 
inputs/outputs 
provide 


improved 
bit density 
• 
Four 
operating 
modes: 
shift 
left 


shift 
right 
hold 
(store) 
load data 


• 
Operates 
with 
output 
enable 
or at 


high-impedance 
OFF-state 
(Z) 
• 
3-state 
outputs 
drive 
bus lines 


directly 


• 
Can be cascaded 
for n-bits 
word 


length 


• 
Output 
capability: 


bus driver 
(parallel 
I/Os) 


standard 
(serial 
outputs) 


• 
ICC category: 
MSI 


The 74HC/HCT299 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL (LSTTL). 
They are specified 
in 
compliance 
with JEOEC standard 
no. 7A. 


The 74HC/HCT299 
contain 
eight edge- 


triggered 
Ootype flip-flops and the 
interstage 
logic necessary 
to perform 
synchronous 
shift-right. 
shift-left. 
parellel 
load and hold operations. 
The type of 
operation 
is determined 
by the mode 
select inputs 
(SO and Sl). as shown 
in the 
mode select table. 
All flip-flop 
outputs 
have 3-state 
buffers 
to separate 
these outputs 
(1/00 to 1/071 


such, that they can serve as data input.; in 
the parallel 
load mode. The serial ouq:uts 
(00 and 07) are used for expansion 
in 
serial shifting 
of longer 
words. 


(continued 
on next page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 


propagation 
delay 
CP to 00. Q7 
20 
19 
ns 
tPLH 
CP to liOn 
CL = 15pF 
20 
19 
ns 


MR to QO. Q7 
VCC = 5 V 


tPHL 
or liOn 
20 
23 
ns 


fmax 
maximum 
clock 
frequency 
50 
46 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CliO 
input/output 
capacitance 
10 
10 
pF. 


CPO 
power 
dissipation 
notes 
1 and 2 
120 
125 
pF 
capacitance 
per package 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(P0 in IlW): 


Po = CPO x VCC' 
x fi + ~ (CL x VCC' 
x fa) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 
1: (CL X VCC' x fol = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead DI L: plastic (SOT1461. 
20-lead mini-pack: plastic 15020: SOT' 63Al. 


vcc 


So 
1/00 
,. 
S, 
liD, 
'3 


II 
°SR 
1/°2 


18 
oSL 


IIoJ 


1/°4 
1/°4 


1/05 
IS 
1105 


12 
cp 
1/06 


MR 
11°7 
,. 


1/01 
00 
DE 
0, 


GNO 
TZ93213 
17 


lZ931141 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig.3 
IEC logic symbol. 
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PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,19 
I 
SO, Sl 
mode select Inputs 


2.3 
I 
OE1, 
OE2 
3-state 
output 
enable 
inputs 
(active 
LOW) 


7,13,6,14. 
1100 to 1/07 


parallel 
data inputs 
or 3-state 
parallel 
outputs 


5,15,4,16 
(bus driver! 


8,17 
°0.07 
serial outputs 
(standard 
output) 


9 
MR 
asynchronous 
master 
reset 
input 
(active 
LOW) 


10 
GND 
ground 
(0 V) 


11 
DSR 
serial data shift-right 
input 


12 
CP 
clock 
input 
I LOW-to-H 
IGH, 
edge-triggered) 


18 
DSL 
serial 
data shift-left 
input 


20 
VCC 
positive 
supply 
voltage 


INPUTS 
RESPONSE 


MR 
S, 
So 
CP 


L 
X 
X 
X 
asynchronous 
reset; 00-07 
= LOW 


H 
H 
H 
t 
parallel 
load; 
I/On 
~ On 
H 
L 
H 
t 
shift 
right; 
DSR ~ 00, 
00 ~ 01 
etc. 


H 
H 
L 
t 
shift 
left; 
DSL ~ 07, 
07 ~ 06 
etc. 
H 
L 
L 
X 
hold 


H = HIGH 
voltage 
level 
L = LOW voltage 
level 


X = don't 
care 


t 
= LOW-to-H 
IGH 
CP transition 


A LOW 
signal on the asynchronous 
master 


reset input 
IMRI 
overrides 
the Sn and 
clock 
ICP) inputs 
and resets the flip-flops. 
All other 
state 
changes 
are initiated 
by the 
rising 
edge of the clock 
pulse. 
Inputs 
can 
change 
when 
the clock 
is either 
state, 


provided that the recommended 
set-up 


and hold 
times, 
relative 
to the rising edge 


of CP, are observed. 


A HI G H signal 
on the 3-state 
output 
enable 
inputs 
(OE1 
or OE2) 
disables 
the 


3-state 
buffers 
and the 
I/On 
outputs 
are 


set to the high-impedance 
OFF-state. 
In this 
condition, 
the shift, 
hold, 
load and reset 
operations 
can still occur. 
The 
3-$tate 


buffers 
are also disabled 
by HIGH 
signals 


on both 
So and S" 
when 
in preparation 
for a parallel 
load operation. 


J,""",'1 19861( 


8-bit universal shift register; 3-state 
J 
---- 
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So 


S, 
1/°0 


CP 


°0 


1'0, 


OE, 


0E2 


"°2 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
bus driver (parallel I/Os) 
standard (serial outputs) 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V;tr= 
tf= 
6 ns;CL = 50pF 


I 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
I min. 
max. 


tPHL/ 
propagation delay 


I 


66 


1 


200 
250 
300 


I 


2.0 
24 
40 
50 
60 
ns 
4.5 
Fig.6 
tpLH 
CP to 00, 07 
19 
34 
43 
51 
I 
6.0 


66 
200 
250 


I 
300 


1 


2.0 
tPHL/ 
propagation delay 
24 
40 
50 


I 


60 
ns 
4.5 
Fig. 6 
tpLH 
CP to I/On 
19 
34 
43 
51 
6.0 


propagation delay 


I 


66 
200 
250 


I 


300 
2.0 


tpHL 
MR to 00, 07 
24 
40 
50 
60 
ns 
4.5 
Fig. 7 
or I/On 
19 
34 
43 
I 
51 
6.0 


I 


I 


I 


3-state 
output 
enable 
time 
50 
155 
195 


I 


235 
ZO 


tpZH 
DEn to I/On 
18 
31 
39 
47 
ns 
4.5 
Fig. 9 
14 
26 
33 
40 
6.0 


3-state 
output 
enable- time 
41 
130 


I 


/165 


I 


195 
2.0 


I Fig. 
tpZL 
OEn to I/On 
15 
26 
33 
39 
ns 
4.5 
9 
12 
22 
28 
33 
6.0 


3·state output disable time 
66 
185 


I 
1 


230 
280 


I 
1 


20 
tPHZ 
OEn to I/On 
24 
37 
46 
56 
ns 
4.5 
Fig.9 


19 
31 
39 
48 
6.0 


I 


3-state 
output 
disable 
time 
55 
155 
195 
235 


I ns 


2.0 


tPLZ 
OEn to I/On 
20 
31 
39 
47 
4.5 
Fig.9 


16 
26 
33 
40 
6.0 


tTHL/ 
output 
transition 
time 
14 


1 


60 
75 
90 
2.0 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
bus driver (I/On) 
4 
10 
13 
15 
6.0 


tTHL/ 
output 
transition 
time 
19 


1 


75 
95 
110 
2.0 


7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
standard (00, 07) 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
17 


I 
1 


100 
120 
2.0 
tw 
HIGH or LOW 
16 
6 
20 
24 
ns 
4.5 
Fig.6 
14 
5 
17 
20 
6.0 


master 
reset pulse width 
80 
19 
100 
120 
2.0 


I Fig. 7 
tw 
LOW 
16 
7 
20 
24 
ns 
4.5 
14 
6 
17 
20 
6.0 


removal 
time 
5 
-14 
5 
5 
2.0 


trem 
MR to CP 
5 
-5 
5 
5 
ns 
4.5 
Fig. 7 


5 
-4 
5 
5 
6.0 


______ 
8_._b_it_u_n_iv_e_r_s_a_1 
_Sh_I_.f_t_r_e 


9 


_i_s_te_r_;_3_._S1._a_t_e 
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I 
I 


1 


Tamb (OCI 
TEST CONDITIONS 


I 
I 
I 
74HC 
I 


SYMBOL I PARAMETER 
I 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
I 
V 
I 


min. 
typo 
max. 
min. 
max. 
i min. 
I max. 
i 
I 
I 


I tsu 


I 
set-up time 


1 


100 
33 


I 


125 I 
i 150 I 
2.0 


I 
DSR. DSL to CP 
20 
12 
25 


I 


I 30 
ns 
4.5 
Fig. 6 
17 
10 
21 
I 26 
6.0 


I 


I 


1 
I 
I 
1 


20 


I 


set-up 
time 


1 


100 
33 
125 


1 


150 
I 


tsu 
SO,Sl to CP 
20 
12 
25 
30 
ns 
4.5 
Fig. 8 


17 
10 
I 
21 
26 
6.0 


I set-up time 


1 


125 
39 
155 
190 I 
I 


2.0 
I 
I 
tsu 
25 
14 
31 
38 
ns 
4.5 
I Fig. 6 


I 


I/On to CP 
21 
11 
26 
32 
i 
6.0 
I 


I 


hold time 


10 
-14 
0 
0 


I 


I 


2.0 


, 


I 
th 
I/On, DSR, DSL 
0 
-5 
0 
0 
ns 
4.5 
Fig.6 


to CP 
0 
-4 
0 
0 
I 
6.0 


I hold time 
0 
-28 
0 
0 


I ns 


2.0 


I Fig. 8 
I 
th 
SO'Sl to CP 
0 
-10 
0 
0 
4.5 


0 
-8 
0 
0 
6.0 


I maximum clock pulse 
5.0 
15 
4.0 
3.4 
2.0 


fmax 
frequency 
25 
45 
20 
17 
MHz 
4.5 
Fig.6 
29 
54 
24 
20 
6.0 


Output capability: bus driver (parallel I/Os) 


standard Iserial outputs) 


'CC category: MSI 


Note to HCT types 


The value of additional quiescent supplv current (6lccl 
for a unit load of 1 is given in the family specifications. 
To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


I/On 
0.25 
DSR,DSL 
0.25 
CP,SO 
0.60 
MR,Sl 
0.25 
OEn 
0.30 


74HC/HCT299 


MSI l 
_ 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
I min. 
max. 


tPHLI 
propagation 
delay 
22 
37 
46 
56 
ns 
4.5 
Fig.6 
tPLH 
CP to 00. 07 


tPHLI 
propagation 
delay 
22 
37 
46 
56 
ns 
4.5 
Fig.6 
, tPLH 
CP to liOn 


propagation 
delay 
tPHL 
MR to 00. 07 
27 
46 
58 
69 
ns 
4.5 
Fig. 7 
or liOn 


tPZHI 
3-5tate output enable time 
19 
30 
38 


I 


45 
ns 
4.5 
Fig. 9 
tpZL 
OEn to liOn 


I 
3-5t3te 
output 
disab 
e time 
I 


137 


I 


1 
46 


I 


' tPHZ 
OEn to liOn 
24 
I 
56 
ns 
4.5 
Fig 9 


I 
! 
I 
3-5tate output disab e time 
20 
32 
40 
48 
4.5 
Fig. 9 
tPLZ 
OEn to liOn 
ns 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
bus driver IliOn) 


tTHLI 
I 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
standard 
(QO. 07) 


tw 
clock pulse width 
20 
10 


I 


25 
30 
ns 
4.5 
Fig.6 
HIGH or LOW 


tw 
master 
reset 
pulse 
width 
20 
11 
25 
30 
ns 
4.5 
Fig. 7 
LOW 


trem 
removal 
ti me 
10 
2 
9 
11 
ns 
4.5 
Fig. 7 
MR to CP 


set-up 
time 
tsu 
liOn. 
DSR. DSL 
25 
14 
31 
38 
ns 
4.5 
Fig.6 
to CP 


tsu 
set-up time 
32 
18 
40 I 


48 
ns 
4.5 
Fig.8 
SO. S1 to CP 


hold time 


I 


th 
liOn. 
DSR. DSL 
0 
-11 
0 
0 
ns 
4.5 
Fig.6 
to CP 


th 
hold time 
0 
-17 
0 
0 
ns 
4.5 
Fig. 8 
SO. S, to CP 


fmax 


maximum 
clock 
pulse 
25 
42 
20 
17 
MHz 
4.5 
Fig. 6 
frequency 


Mocch 19881( 


8-bit universal 
shift 
register; 3-state 
J 


---- 


74HC/HCT299 


MSI 


Fig. 6 Waveforms showing 
the clock (CP) to 
output 
(I/on, 
Qo, Q71 propagation 
delays, the 


clock pulse width, the I/on, 
DSR and DSL to CP 


set-up and hold 
times, 
the output 
transition 
times 


and the maximum 
clock 
frequency. 


Note to Fig. 6 


The shaded areas indicate when the input is 
permitted 
to change for predictable 
output 


performance. 


~J 


--IW--' 


- 
I-'"m 


--~ 


- 
tPHl-----j 


'_v 
M 


_n_,__ [,m 


CP'NPUT 
~ 


Fig.7 
Waveforms 
showing 
the master 
reset (MRI 
pulse width 
(LOW), the master 
reset to output 


(l/on, 
QO, Q7) propagation 
delays and the master 


reset to clock (CP) removal 
time. 


Fig. 8 Waveforms showing the set·up and hold 
times from the mode control 
inputs (SO, S1) 


to the clock (CP). 


,""",,_1__ 
O",~" 


enabled 
a,sabled 


liOn 
OUTPUT 


LOW-la-OFF 


OFF-IO-LOW 


liOn 
OUTPUT 


HIGH 
-to-OFF 


OFF -10· 
HIGH 


Note to AC waveforms 


(11 HC 
: VM = 50%; VI = GND to VCC' 


HCT: 
VM = 1.3V; 
VI = GND to 3V. 


____ 
J 


74HC/HCT354 


MSI 


• 
Transparent 
data 
latches 


• 
Transparent 
address 
latch 
• 
Easily 
expanding 
• 
Complementary 
outputs 
• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT354 
are high-speed 
Si-gate 
CMOS 
devices 
and are pin 


compatible 
with low power Schottky 
TTl 
IlSTTll. 
They are specified 
in 


compliance 
with JEDEC standard 
no_ 7A. 


The 74HC/HCT354 
data selectorsl 


multiplexers 
contain 
full 
on-chip 
binary 


decoding, 
to select one-of-eight 
data 
sources. The data select address is stored 
in transparent 
latches 
that 
are enabled 
oy 
a lOW on the latch enable input 
IIT). 


The 
transparent 
8-bit 
data 
latches 
are enabled 
when 
the active 
LOW 
data enable input 
lEI is lOW. 
When the output 
enable 
input 


OEl 
= HIGH, OE2 = HIGH or 
OE3 = lOW, the outputS 
go to the high 


impedance 
OFF-state. 
Operation 
of these output 
enable 
inputs 
does not affect the state of the latches 


vcc 


Os 


0E2 
0, 
eEl 


s, 


s, 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpHll 
propagation 
delay 
Cl=15pF 
Dn,£to 
Y, Y_ 
20 
22 
ns 


tPlH 
Sn. lE to Y. Y 
VCC = 5 V 
24 
27 
ns 


C, 
input 
capacitance 
3.5 
35 
pF 


CpD 


power 
dissipation 
notes 
1 and 2 
68 
71 
pF 
capacitance 
per latch 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PD in IlW): 


PD = CPD x VCC' 
x fi + ~ ICl 
x VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 


fo = output 
frequency 
in MHz 
VCC 
= supply voltage 
in V 
L ICl x VCC' 
x fol = sum of outputs 


2. 
For HC 
the condition 
is VI = GND to VCC 


For HCT the condition 
is VI = GND to VCC - 
1.5 V 


20-lead 01 l; plastic (SOTt 46l. 


20-lead mini-pack; plastic ($020; 
SOT163A). 


MUX(> 


EN 


13 
:}80G 
~ 
12 


90,0 


90.1 


90.2 


90.3 
'V 
19 


90.4 
'V 
18 


90.5 
90.6 


90.7 


74HC/HCT354 


MSI l 
_ 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


8,7,6, 
S, 
DOto D7 
data 
inputs 
4,3,2,1 


9 
E 
data enable input lactive LOW) 


10 
GND 
ground (0 V) 


11 
IT 
address latch enable input lactive LOW) 


14,13,12 
SO' Sl, S2 
select inputs 


lS,16 
OE1, OE2 
output enable inputs (active LOW) 


17 
OE3 
output enable input lactive HIGH) 


18 
Y 
3-state multiplexer 
output (active LOW) 


19 
Y 
3-state multiplexer 
output (active HIGH) 


20 
VCC 
positive supply voltage 


INPUTS 
OUTPUTS 


ADDRESS· 
OUTPUT ENABLE 
DESCRIPTION 


S2 
Sl 
So 
E 
OE1 
OE2 
OE3 
Y 
Y 


X 
X 
X 
X 
H 
X 
X 
Z 
Z 
outputs in 


X 
X 
X 
X 
X 
H 
X 
Z 
Z 
high impedance 


X 
X 
X 
X 
X 
X 
L 
Z 
Z 
OFF-state 


L 
L 
L 
L 
L 
L 
H 
DO 
Qo 
L 
L 
H 
L 
L 
L 
H 
D1 
121 
L 
H 
L 
L 
L 
L 
H 
D2 
122 
L 
H 
H 
L 
L 
L 
H 
D3 
D3 
data latch is 


H 
L 
L 
L 
L 
L 
H 
D4 
Q4 


transparent 


H 
L 
H 
L 
L 
L 
H 
DS 
gs 
H 
H 
L 
L 
L 
L 
H 
D6 
126 
H 
H 
H 
L 
L 
L 
H 
D7 
°7 


L 
L 
L 
H 
L 
L 
H 
DOn 
QOn I 
L 
L 
H 
H 
L 
L 
H 
D1n 
D1n 
L 
H 
L 
H 
L 
L 
H 
D2n 
Q2n 
L 
H 
H 
H 
L 
L 
H 
°3n 
°3n 
data is 


H 
L 
L 
H 
L 
L 
H 
°4n 
54n 
latched 


H 
L 
H 
H 
L 
L 
H 
°Sn 
QSn 


H 
H 
L 
H 
L 
L 
H 
°6n 
g6n 


H 
H 
H 
H 
L 
L 
H 
D7n 
°7n 


DO to D7 
= data at inputs DO to 07 
_ 
Dan to D7n = data at inputs DO to 07 before the most recent LOW-to-HIGH transition of E 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 
Z = high impedance OFF-state 


74HC/HCT354 


MSI 


8 
00 
, 0, 
, 0, 
, °3 
OATil. 
, 0, 
LATCHES 


3 
0, 
, 0, 
, 
0, 


9 
E 


14 
'0 


13 
5, 


12 
5, 


11 
CE 


" 
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DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND =0 V;tr=tf 
=6 ns;CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
61 
210 
265 
315 
2.0 


On to Y, Y 
22 
42 
53 
63 
ns 
4.5 
Fig.7 
tpLH 
18 
36 
45 
54 
6.0 


tPHLI 
I 


propagation delay 
63 
250 
315 
375 
2.0 
23 
50 
63 
75 
ns 
4.5 
Fig.6 
tpLH 
Eto 
Y, Y 
18 
43 
54 
64 
6.0 


tPHLI 
propagation 
delay 
77 
260 
325 
390 
2.0 
28 
52 
65 
78 
ns 
4.5 
Fig.8 
tPLH 
Sn to Y, Y 
22 
44 
55 
66 
6.0 


tpH LI 
propagation delay 
77 
290 
365 
435 
2.0 


28 
58 
73 
87 
ns 
4.5 
Fig.9 
tPLH 
IT to Y, Y 
22 
49 
62 
74 
6.0 


tPZHI 
3-state output enable time 
39 
125 
155 
190 
2.0 
14 
25 
31 
38 
ns 
4.5 
Fig. 12 
tpZL 
OEn to Y, Y 
11 
21 
26 
32 
6.0 


tPZHI 
3-state 
output 
enable 
time 
44 
135 
170 
205 
2.0 


I 


16 
27 
34 
41 
ns 
4.5 
Fig. 12 
tpZL 
OE3 to Y, Y 
13 
23 
29 
35 
6.0 


tpHzl 
3·state output disable time 
50 
155 
195 
235 
2.0 


18 
31 
39 
47 
ns 
4.5 
Fig. 12 
tpLZ 
OEn to Y, Y 
14 
26 
33 
40 
6.0 


tpHzI 
3-state output disable time 
55 
155 
195 
235 
2.0 
20 
31 
39 
47 
ns 
4.5 
Fig. 12 
tpLZ 
OE3 to Y, Y 
16 
26 
33 
40 
6.0 


tTHLI 
14 
60 
75 


I 


90 
2.0 
I 


tTLH 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Figs 7, 8 and 9 
4 
10 
13 
15 
6.0 


data enable pulse width E 
80 
17 
100 
120 I 
2.0 


tw 
LOW 
16 
6 
20 
24 
ns 
4.5 
Fig.6 


14 
5 
17 
20 
6.0 


latch enable pulse widt1 IT 
80 
17 
100 
120 
2.0 


tw 
LOW 
16 
6 
20 
24 
ns 
4.5 
Fig.9 
14 
5 
17 
20 
6.0 


set-up time 
50 
11 
65 
75 
2.0 
tsu 
On to E 
10 
4 
13 
15 
ns 
4.5 
Fig. 10 
9 
3 
11 
13 
6.0 


set-up 
time 
50 
14 
65 
75 
2.0 
tsu 
Sn to IT 
10 
5 
13 
15 
ns 
4.5 
Fig. 10 


9 
4 
11 
13 
6.0 
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Tamb ('C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


5 
-6 
5 
5 
2.0 
hold time 
5 
-2 
5 
5 
ns 
4.5 
Fig.11 
th 
Dn to E 
5 
-2 
5 
5 
6.0 


5 
-8 
5 
5 
2.0 


th 
hold time 
5 
-3 
5 
5 
ns 
45 
Fig. 10 
Sn to [E 
5 
-2 
5 
5 
6.0 


DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
spe"cifications" 


Output 
capability: 
bus driver 


lee category: MSI 


Note to HCT types 


The value 
of additional 
quiescent 
supply 
current 
(6ICCl 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 
6lCC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Dn, Sn 
0.2 
OE3 
0.25 
LE 
0.5 
E, OEn 
1.0 
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AC CHARACTERISTICS 
FOR 74HCT 


GND =0 V; tr =tf 
=6 ns;CL 
= 50pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. I max. I 


min. I max. 


tPHLI 
propagation 
delay 


1 
45 


I 


tPLH 
Dn to Y, V 
25 
47 
59 
71 
ns 
Fig. 7 


tPHLI 
propagation 
delay 
26 
54 
68 
81 
ns 
4.5 
Fig.6 
tPLH 
Eto 
Y, V 


tPHLI 
propagation 
delay 
30 
59 
74 
I 


89 
ns 


1 
45 
Fig. 8 
tPLH 
Sn to Y, V 


tpHLI 
propagation 
delay 
31 
63 
79 


I 
I 


95 
ns 
4.5 
Fig.9 
tpLH 
ITtoY,V 


tpzHI 
3-state 
output 
enable 
time 
18 
34 


1 
43 
51 
ns 


1 
45 
Fig. 12 
tpZL 
OEn to Y, V 


tpZHI 
3-state 
output 
enable 
time 
18 
34 
43 
51 
ns 
4.5 
Fig. 12 
tpZL 
OE3 to Y, V 


tPHzI 


I 


3-state output disable time 
18 
33 
41 


I 


50 
ns 


1 
45 
Fig. 12 
tPLZ 
OEn to Y, V 


tPHzI 
3-state output disable time 
21 
39 
49 
59 
ns 
4.5 
Fig. 12 
tpLZ 
OE3 to Y, V 


tTHLI 
I 


I 


I 45 
tTLH 
output 
transition 
time 
5 
12 
15 
18 
ns 
Figs 7,8 
and 9 


tw 
data enable pulse width 
E 
16 
6 
20 


I 


24 
ns 


1 
45 
Fig.6 
LOW 


tw 
latch enable pulse widt" 
LE 
16 
6 
20 
24 


I 


ns 
4.5 
Fig.9 
LOW 


tsu 
set-up 
time 
10 
4 
13 
15 
ns 
4.5 
Fig. 11 
Dn to E 


tsu 
set-up 
time 
10 
5 
13 
15 


I 


ns 
4.5 
Fig. 10 
Sn to LE 


th 
hold time 
9 
0 
11 
14 
4.5 
Fig. 11 
Dn to E 
ns 


th 
hold time 
9 
-3 
11 
14 
4.5 
Fig. 10 
Sn to IT 
ns 


'I( April 
1987 


74HC/HCT354 


MSI 
l 
_ 


Fig. 6 Waveforms 
showing the data enable input 
IE) pulse 
width, 
the data enable to output 
(Y, Y) propagation 
delays 


and the output 
transition 
times. 


Fig. 7 Waveforms showing 
the data input 
(On) to output 
(Y, Y) propagation 
delays and the output 
transition 
times 
IE = LOW). 


-, 


VMfll 


--IPHL- 
-<PLH-I 


fV 
MllJ 
-[ 
-- 
-- 
tTHL 
I 
< 
< 


LE 
INPUT 
VMf11 


_tw_ 


lPHL_ 
-- 
IplH 
__ 


Y 
OUTPUT l,,"~ 


VMlll 


-- 
tTHl 


Y OUTPUT 
VM 


__ 
tTLH 
ITHL_ 


Fig.~ 
Waveforms 
showing the select input 
(Sn) to output 
(Y, 
YI 
propagation 
delays and the output 
transition 
times 
(IT = LOW). 


Fig. 9 Waveforms 
showing the address 
latch enable 
input 
(IT) pulse width, 
the address 
latch enable input to 


output 
(Y, Y) propagation 
delays and the output 
transition 
times. 


April1987! 
( 
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MSI 


Fig. 10 Waveforms 
showing 
the set·up and hold times for 


the select input 
(5n) 
to the address latch enable input (LE). 


OUTPUT 


LOW-Io-OFF 


OFF·to-LOW 


OUTPUT 


HIGH-IO-OFF 


OFF-Io-HIGH 
~,~"J__OUtputs 


I!nlbled 
disabled 


Fig. 11 Waveforms 
showing 
the set·up and hold 
times 
for 
the data input 
(onl 
to the data enable input 
(E). 


Note 
to AC waveforms 


(11 HC 
VM = 50%; VI = GNo to VCC' 


HCT: VM = 1.3 V; VI = GNo to 3 V. 
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• 
Non·transparent 
data latches 


• 
Transparent 
address latch 
• 
Easily expanding 


• 
Complementary 
outputs 


• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT356 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ILSTTLI. They are specified in 
compliance with JEOEC standard no. 71'._ 
The 74HC/HCT356 data selectors! 
multiplexers 
contain 
full 
on-ehip 
binary 


decoding, to select one-of-eight data 
sources. The data select address is stored 
in transparent latches that are enabled by 
a LOW on the latch enable input CE. 


Data on the 8 input lines (DO to 07) 
is clocked into a edge-triggereddata 
register by a LOW-to-HIGH transition of 
the clock (CPl. 
When 
the output 
enable 
input 
OE1 = HIGH, OE2 = HIGH or 
OE3 = LOW, the outputs go to the high 
impedance OFF-state. 
Operation 
of these output 
enable 
inputs 


does not affect the state of the latches 
and register. 


74HC/HCT356 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
! UNIT 
HC 
HCT I 


tpHLI 


propagation delay 
CL = 15 pF 


I 


Sn, IT to_Y, Y 
24 
25 
ns 
tpLH 
CP to Y, Y 
VCC = 5 V 
20 
22 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
123 
125 
pF 
capacitance 
per package 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in IlW): 


Po = CPO x VCC' x fi + ~ (CL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fa 
= output frequency in MHz 
VCC 
= supply voltage in V 
r (CL x VCC' x fa) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


20-lead DIL; plastic (SDT1461. 


20-lead mini-pack; plastic {S020; SOT163Al. 


12 
11 


10 
0, 


oJ 


0, 


0, 


D. 
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18 


CP 
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Fig. 2 
Logic symbol. 
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11 
co 
co 


14 


:}.DG% 


IJ 


12 


90.0 
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PIN NO. 
SYMBOL 
NAME AND FUNCTION 


8,7,6,5, 
DO to D7 
data inputs 
4,3,2,1 


9 
CP 
clock input data (LOW-to-HI GH, edge-triggered) 


10 
GND 
ground (0 V) 


11 
IT 
address latch enable input (active LDW) 


14,13,12 
SO' S1, S2 
select inputs 


15,16 
OE1, 0E2 
output enable inputs (active LOW) 


17 
OE3 
output enable input (active HIGH) 


18 
Y 
3-state multiplexer 
output (active LOW) 


19 
Y 
3-state multiplexer 
output (active HIGH) 


20 
VCC 
positive supply voltage 


INPUTS 
OUTPUTS 


I 
I 


ADDRESS' 
OUTPUT ENABLE 


I 


DESCRIPTION 


S2 
Sl 
So 
CP 
OE1 
0E2 
OE3 
Y 
Y 


X 
X 
X 
X 
H 
X 
X 
Z 
Z 
outputs 
in 


X 
X 
X 
X 
X 
H 
X 
Z 
Z 
high impedance 


X 
X 
X 
X 
X 
X 
L 
Z 
Z 
OFF-state 


L 
L 
L 
t 
L 
L 
H 
DOn 
QOn 


L 
L 
H 
t 
L 
L 
H 
D1n 
Q1n 


L 
H 
L 
t 
L 
L 
H 
D2n 
Q2n 


L 
H 
H 
t 
L 
L 
H 
D3n 
D3n 
data is clocked 
i into latch 
H 
L 
L 
t 
L 
L 
H 
D4n 
Q4n 


I 


H 
L 
H 
t 
L 
L 
H 
D5n 
Q5n 
H 
H 
L 
t 
L 
L 
H 
D6n 
Q6n 
H 
H 
H 
t 
L 
L 
H 
D7n 
D7n 


L 
L 
L 
.. 
L 
L 
H 
DOp 
Qop 


II 


L 
L 
H 
.. 
L 
L 
H 
D1p 
Q1p 


L 
H 
L 
.. 
L 
L 
H 
D2p 
Q2p 


L 
H 
H 
.. 
L 
L 
H 
D3p 
D3p 
outputs do not 


H 
L 
L 
.. 
L 
L 
H 
D4p 
Q4p 


change states 


H 
L 
H 
.. 
L 
L 
H 
D5p 
Q5p 
H 
H 
L 
.. 
L 
L 
H 
D6p 
Q6p 
H 
H 
H 
.. 
L 
L 
H 
D7p 
D7p 


data present at inputs DO to D7 when the data latch clock made the 
transition 
from LOW-to-HIGH 


data previously latched into the data latch by the LOW-to-HIGH 
transition 
of the data latch clock 


H = HIGH voltage level 
L = LOW voltage level 
X = 
don't 
care 
t 
= LOW-to-H IGH CP transition 


-I- = 
HIGH-to-LOW 
CP transition 


Z = high impedance OFF-state 
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DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capabil ity: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND =0 V;tr 
=tf 
=6 ns; CL =50pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
66 
240 


1 


300 


I 


360 


1 


20 
24 
48 
60 
72 
ns 
4.5 
Fig.6 
tpLH 
CP to Y, Y 
19 
41 
51 
61 
6.0 


tPHLI 
propagation delay 
77 
260 
325 
390 
2.0 
28 
52 
65 
78 
ns 
4.5 
Fig 7 
tpLH 
Sn to Y, Y 
22 
44 
55 
66 
6.0 


tPHLI 
propagation delay 
77 
270 
340 


I 


405 
2.0 


LE to Y, Y 
28 
54 
68 
81 
ns 
45 
Fig.8 
tPLH 
22 
46 
58 
69 
6.0 


I tPZHI 
I 


3-state 
output 
enable 
time 
41 
125 


1 


155 
190 


1 


20 


OEn to Y, Y 
15 
25 
31 
38 
ns 
4.5 
Fig. 11 
tpZL 
12 
21 
26 
32 
6.0 


tPZHI 
3·state 
output 
enable 
time 
47 
150 
190 
225 
2.0 


OE3 to Y, Y 
17 
30 
38 
45 
ns 
4.5 
Fig. 11 
tpZL 
14 
26 
33 
38 
6.0 


tPHzI 
3-state 
output 
disable 
time 
50 
155 


1 


195 
235 


1 


20 


I 


18 
31 
39 
47 
ns 
4.5 
Fig. 11 
tpLZ 
OEn to Y, Y 
14 
26 
33 
40 
6.0 


tPHzI 
3·state 
output 
disable 
time 
58 
155 
195 
235 
2.0 


I 


tpLZ 
OE3 to Y. Y 
21 
31 
39 
47 
ns 
4.5 
Fig. 11 
17 
26 
33 
40 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 


I 


output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Figs 6,7 and 8 
tTLH 
4 
10 
13 
15 
6.0 


I 


clock pu Isewidth CP 
80 
17 
100 


1 


120 


1 


20 
tw 
16 
6 
20 
24 
ns 
4.5 
Fig.6 
HIGH or LOW 
14 
5 
17 
20 
6.0 


80 
17 
100 
120 


I 
2.0 
tw 
latch enable pulse width IT 
16 
6 
20 
24 


I 


ns 
4.5 
Fig. 8 
LOW 
14 
5 
17 
20 
6.0 
I 


set-up 
time 
50 
11 
65 
75 
2.0 
I 


tsu 
10 
4 
13 
15 
ns 
4.5 
Fig. 10 
I 
On to CP 
9 
3 
11 
13 
6.0 
I 


set-up 
time 
50 
14 
65 
75 
2.0 
I 
tsu 
10 
5 
13 
15 
ns 
4.5 
Fig.9 
Sn to CE 
9 
4 
11 
13 
6.0 
i 


hold time 
5 
-6 
5 
5 
2.0 


I 


th 
On to CP 
5 
-2 
5 
5 
ns 
4.5 
Fig. 10 
5 
-2 
5 
5 
6.0 


hold time 
5 
-8 
5 
5 
2.0 
th 
Sn to IT 
5 
-3 
5 
5 
ns 
4.5 
Fig.9 
5 
-2 
5 
5 
6.0 
'I(AP,;11987 


74HC/HCT356 


MSI l 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(iJ.1CC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
.6.ICC per input, 
mul-:iply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Dn,Sn 
02 
OE3 
0.25 
LE 
0.5 
OEn, CP 
1.0 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL ~ 50 pF 


I 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL I PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


I 
. 
min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 


I 


26 
51 


I 


64 
77 
ns 


I 


4.5 
Fig.6 
tpLH 
CPto Y, Y 


tPHLI 
propagation 
delay 
28 I 


59 


1 
74 
89 
ns 
4.5 
Fig. 7 


. tPLH 
Sn to Y, Y 


tpHLI 
propagation 
delay 
29 
63 
79 
95 
ns 
4.5 
Fig.8 


tpLH 
LEtaY,Y 


tPZHI 
3-5tate output enable time 
17 
34 
43 
51 


I 


ns 
I 


4.5 


I 


Fig. 11 
tPZL 
OEn to Y, Y 


tPZHI 
I 
3-5tat8 output enable time 
18 
34 
43 
51 
ns 
4.5 
i Fig. 11 
tpZL 
I 
OE3 to Y, Y 
I 


tPHzl 
3-5tate 
output 
disable 
time 


I 
I 


17 
33 
41 
50 
ns 
4.5 
I Fig. 11 
tPLZ 
OEn to Y, Y 
I 


tpHzl 
I 


3-5tate 
output 
disable 
time 
20 
33 
41 
50 
ns 


I 


4.5 
I Fig. 11 


tPLZ 
OE3 to Y, Y 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 


I 


ns 
4.5 


I 


Figs6,7 and 8 
tTLH 
I 


tw 
clock pulse width CP 
16 I 


8 
20 
24 
ns 
4.5 
Fig.6 
HIGH or LOW 


tw 
I 
latch enable pulse width LE 
16 
6 
20 
24 
4.5 
Fig. 8 


I 
LOW 
ns 


set-up 
time 


I 
I 


I 


tsu 
Dn to CP 
10 
4 
13 
15 
ns 
4.5 
Fig. 10 


I 


tsu 
I 


set-up 
time 
10 
5 
I 


13 
15 
ns 
4.5 
Fig. 9 


I 
Sn to CE 


th 
I 


hold time 
5 
0 I 
5 
5 
4.5 
Fig. 10 
Dn to CP 
ns 


th 
I 


hold time 
5 
-2 
5 
5 
4.5 
Sn to CE 
ns 
Fig. 9 


A'';119871( 


8-input multiplexer/register; 
3-state 
J 


---- 


D,INPUT \_1 
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MSI 


Fig.6 
Waveforms 
showing 
the clock 
ICP) to the output 


IY, Y) propagation 
delays, the clock 
pulse width 
and the 
output 
transition 
times. 


Fig. 7 Wav':!orms 
showing 
the select input 
(Sn) to 
output 
(Y, Y) propagation 
delays and the output 


transition 
times 
I LE = LOW). 


Fig. 8 Waveforms 
showing 
the address latch enable input 


I LE) pulse width, 
the latch enab e input 
to output 
IY, Y) 
propagation 
delays and the output 
transition 
times. 


Fig. 9 Waveforms 
showing 
the set·up and hold 
times 
for 
the select input 
ISn) to the address latch enable input 
1LEI. 
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_ 


!-15U- -I"~- 
OUTPUT 
LOW-la-OFF 
OFF-la-LOW 


OUTPUT 
HIGH-lo-OFF 
OFF-IO-HIGH 


0"""''J__Ol,/lpUU 
en"oled 
diwbled 


Fig. 
10 
Waveforms 
showing 
the set-up and hold times 


for the data input 
(On) to the clock 
(CPI. 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GNO to VCc- 


HCT: VM = 1.3 V; VI = GNO to 3 V. 
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• 
Non-inverting 
outputs 
• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


The 74HC/HCT365 are high-speed 
Si·gate CMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTLI. They are specified in 
compliance with JEOEC standard no. "7A. 
The 74HC/HCT365 are hex non·inverting 
buffer/line 
drivers with 
3-state 
outputs. 
The 3-state outputs (nY) are controlled by 
the output enable inputs 1DE1' DE21. 


A HIGH on OEn causesthe outputs 10 
assumea high impedance OF F-state. 


The "365" 
is identical to the "366" 
but 


has non-inverting 
outputs. 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


tPHLI 
propagation delay 
CL=15pF 
11 
ns 


tPLH 
nA to nY 
VCC = 5 V 


CI 
input 
capaci tance 
13,5 
3,5 
pF 


power 
dissipation 
notes 1 and 2 
140 
40 
pF 
CPO 
capacitance per buffer 


GNO =0 V;Tamb=25°C;tr 
=tf =6 ns 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in /lW): 


PD = CPOx VCC' x fi + ~ (CL x VCC' x fo) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
L ICL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


1S-leadDI L: plastIC(SOT38ZI. 
lS·lead mini-pack: plastic IS01S: SOT109AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,15 
CJEl, CJE2 
output enable inputs (active LOW) 


2,4,6,10,12, 
1A to 6A 
data inputs 
14 


3,5,7,9,11, 
lYt06Y 
data outputs 
13 


8 
GNO 
ground (0 V) 


16 
VCC 
positive 
supply 
voltage 


INPUTS 
OUTPUT 


DEl 
DE2 I 
nA 
nY 


L 
L 
L 
L 
L 
L 
H 
H 


X 
H 
X 
Z 
H 
X 
X 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 


J"",,, 19861( 


Hex buffer/line 
driver; 3-state 
J 
---- 


74HC/HCT365 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output 
capability: 
bus driver 
ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


30 
95 
120 
145 
2.0 


tPHLI 
propagation delay 
11 
19 
24 
29 
ns 
4.5 
Fig.6 
tPLH 
nA to nY 
9 
16 
20 
25 
6.0 


I 


47 


1 


150 
190 
225 


I 


2.0 
tpZHI 
3-state output enable time 
17 
30 
38 
45 
ns 
4.5 
Fig. 7 
tPZL 
OEn to nY 
14 
26 
33 
38 
6.0 


61 
150 
190 


I 


225 
2.0 
tPHzI 
3-state 
output 
disable 
time 
22 
30 
38 
45 
ns 
4.5 
Fig.7 
tPLZ 
DEn to nY 
18 
26 
33 
38 
6.0 


14 
60 
75 
90 
2.0 
I tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 
4 
10 
13 
15 
6.0 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


The value of additional 
quiescent 
sUJ:ply current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 61CCper input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE1 
1.00 
OE2 
0.90 
nA 
1.00 


74HC/HCT365 


MSI l 
_ 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
14 
25 
31 I 


38 
ns 
4.5 
Fig.6 
tPLH 
nA to nY 


tPZHI 
3·state output enable time 
18 
35 
44 
53 
ns 
4.5 
Fig.7 
tPZL 
DEn to nY 


tpHzI 
3·state output disable time 
23 
35 
44 
53 
ns 


I 


4.5 
Fig. 7 
tPLZ 
DEn to nY 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 


OUTPUT 


HIGH·IO·OFF 


OFF·to-HIGH 
~''"''J__ 
OI,ltoots 
tnaoled 
d'S<loled 


Fig.6 
Waveformsshowing the input (riAl 


to output (nYI propagation delays and 
the output 
transition 
times. 


Note 
to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 
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• 
Inverting outputs 
• 
Output 
capability: 
bus driver 
• 
ICC category: 
MS I 


GENERAL 
DESCRIPTION 


The 74HC/HCT366 are high·speed 
Si·gateCMOS devicesand are pin 
compatible with low power Schottky 
TT L (LSTTL). They are specified in 
compliance with JEDEC standard no. 71\. 


The 74HC/HCT366 are hex inverting 
buffer/line 
drivers with 3-state outputs. 


The 3·state outputs (nYI are controlled 
by the output enable inputs (0E1' 0E2). 


A HIGH on OEn causesthe outputs to 
assumea high impedanceOFF·state. 


The "366" 
is identical to the "365" bGt 
has inverting outputs. 


i 


I 


I 
TYPICAL 
UNIT 
I SYMBOL 
PARAMETER 
CONDITIONS 
, 
I 
I 
I HC 
HCT 
, 
I 


tPHLI 
propagati~n delay 


I 


CL=15pF 


I 


I 


10 
I 
11 
ns 
tpLH 
nA to nY 
VCC = 5 V 


I 


CI 
input 
capacitance 
I 
I 3.5 
I 
35 
pF 


I 


I 


CPD 
power 
dissipation 
notes 1 and 2 
i 30 
I 


30 
pF 
capacitance 
per buffer 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in pW): 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fa) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa = output frequency in MHz 
VCC = supply voltage in V 


I ICL x VCC' x fa) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-lead01L; plastic (S0T38ZI. 


16-lead mini-pack; plastic (5016; 
SOTl 09A). 


PIN NO. 
I SYMBOL 
NAME AND FUNCTION 


1,15 
OE1, OE2 
output enable inputs (active LOW) 


2,4,6,10,12, 
lA to 6A 
data inputs 
14 


3,5,7,9,11, 
lY to 6Y 
data outputs 
13 


8 
GND 
ground (0 V) 


16 
VCC 
positive supply voltage 


::~:: 


a', 
,_a', 
15 


74HC/HCT366 


MSI l__ 
- 


INPUTS 
OUTPUT 


OE, 
OEZ 
nA 
nY 


L 
L 
L 
H 


L 
L 
H 
L 


X 
H 
X 
Z 


H 
X 
X 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 


J,,",O{ 19861 ( 


74HC/HCT366 


MSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus 
driver 
Iee category: MSI 


SYMBOL I 
PARAMETER 


I 
min. 


tPHLI 
propagati.2ndelay 


tPLH 
nA to nY 


tpZHI 
3-state output enable time 
tpZL 
OEn to nY 


tPHzI 
3-5tate output disable time 
tPLZ 
OEn to nY 


tTHLI 
output 
transition 
time 
tTLH 


-40 to +125 


max. 


150 
30 
26 


190 
225 


38 
45 


33 
38 


190 
225 
38 
45 
33 
38 


90 
18 
15 


! 


UNIT I 


2.0 
ns 
4.5 
6.0 


2.0 
ns 
45 
6.0 


2.0 
ns 
45 
6.0 


2.0 
ns 
4.5 
6.0 


I Fig.6 


I 
I Fig.7 


I Fig. 7 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output 
capability: 
bus driver 


Ice category: MSI 


The value of additional quiescent supply current (t1lee) for a unit load of 1 is given in the family specifications. 
To determine 
dice per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


~1 
1.00 
OE2 
0.90 
nA 
1.00 


74HC/HCT366 


MSI 
l~ 
_ 


Tamb locI 
TEST CONDITIONS 


I 
74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 


1 
13 
124 
30 
36 
ns 
4.5 
Fig.6 
tPLH 
nA to nY 


, 


I 


tpZHI 
3-state output enable time 
16 
35 
44 
53 
ns 
45 
Fig.7 
tpZL 
ClEn to nY 


tPHzI 
3·state output disab e time 
20 
35 
44 


I 


53 
ns 
4.5 
Fig.7 
tPLZ 
ClEn to nY 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 


oA 
'NPUT r:;:-~ 


~.. 
... ~"-lr- 


oY OUTPuT 
'T"' Jb--JL,,,, 


7Z93689 
tTHL 
-- 
tTlH 


~ 


'PLZ- 
'PlL 


LO~U~:U~FF 
I 
VMlll 


OFF 
10 lOW 
1o" 


1_ 
IpHZ _ 
__ lPZH_, 


90% 


OUTPUT 


HIGH-IO-OFF 
. VMlll 


OFF·IO·HIGH 


Fig. 6 WaveformsshoViingthe input (nA) 
to output (nY) propagation delays and 
the output 
transition 
times. 


Note 
to AC waveforms 


(1) HC : VM = 50%; VI = GND to '1CC· 


HCT: VM = 1.3 V; VI = GND to 3 V. 


_____ 
J 


74HC/HCT367 


MSI 


• 
Non-inverting 
outputs 
• 
Output 
capability: 
bus driver 


• 
ICC category: 
MS I 


The 74HC/HCT367 are high-speed 
Si-gate CMOS devicesand are pin 
compatible with low power Schottky 
TTLILSTTLI. 
They are specified in 
compliance with JEOEC standard no. 7. 


The 74HC/HCT367 are hex non-inverting 
bufferlline 
drivers with 3-state outputs. 
The 3-state outputs (nYI are controlled 
by the output enable inputs l10E. 20EI. 


A HIGH on nOE causesthe outputs to 
assumea high impedanceOF F-state. 


The "367" 
is identical to the "368" but 


has non-inverting 
outputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
CL=15pF 
8 
11 
ns 
tPLH 
nA to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
30 
32 
pF 
capacitance 
per buffer 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PO in IlW): 


Po' = CPOx VCC' x fi + I ICL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo 
= output frequency in MHz 
VCC 
supply voltage in V 
I ICL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-leadDIL; plastic (SDT38ZI. 
16-leadmini-pack: plastic (5016: SOTl 09AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,15 
10E,20E 
output enable inputs (active LOW) 
2,4,6,10,12, 
1At06A 
data 
inputs 
14 


3,5,7, 
g, 11, 
1Y t06Y 
data outputs 
13 


8 
GNO 
ground (0 VI 


16 
VCC 
positive supply voltage 


12~11 


'4~'3 


15~ 


1Z93684 


74HC/HCT367 


_____ 
M_SI 
/ l 
- 


2 
1A 
1 y 
3 
, 2A 
2Y 
5 


6 
3A 
3Y 
7 


10 
'A 
'Y 
9 


;:J 


12 
SA 
5Y 
11 


14 
6A 
6Y 
13 


~ 


INPUTS 
OUTPUTS 


nOE 
nA 
nY 


L 
L 
L 


L 
H 
H 
H 
X 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 
Z = high impedance OFF-state 


J"",,y 19861 ( 


_____ 
H_e~x_b_u_ff_e_r_/I_in_e_d_n_.v_e_r;_3_-_s_ta_t_e 
J 


74HC/HCT367 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND ~OV; 
tr= tf= 
6ns; CL ~ 50pF 


Tamb (OCI 
I 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
I 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


28 
95 
120 
145 


I 


2.0 
tPHLI 
propagation delay 
10 
19 
24 
29 
ns 
4.5 
Fig. 6 
tPLH 
nA to nY 
8 
16 
20 
25 
6.0 


44 
150 
I 190 
225 


I 


2.0 
tPZHI 
3·state output enable time 
16 
30 


1 


38 
45 
ns 
4.5 
Fig. 7 
tpZL 
nOE to nY 
13 
26 
33 
38 
6.0 


3·state output disable time 
55 
150 
1 


190 I 


225 
2.0 


tPHzl 
20 
30 
38 
45 
ns 
4.5 
Fig.7 
tPLZ 
nOE to nY 
16 
26 
33 
I 
38 
6.0 


14 
60 
75 
90 


I 


2.0 
tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 
4 
10 
13 
15 
6.0 


For the 
DC characteristics 
see chapter 
'HeMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


The 
value of additional 
quiescent 
supply 
current 
(.6.lce) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine dice per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


lOE 
1.00 


20E 
0.90 
nA 
1.00 


74HC/HCT367 


MSI l 
_ 


I 
I 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to + 85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 


I 
14 
25 


1 
31 
I 


38 
4.5 
Fig. 6 
tPLH 
nA to nY 
I 


ns 


tpZHI 
3-state output 
enable time 
16 


1 
35 
44 
I 


53 
I 
tpZL 
nOE to nY 
ns 
4.5 
Fig. 7 


tpHzI 
3-state output 
disab e time 


21 
35 
44 
53 
tpLZ 
nOE to nY 
ns 
4.5 
Fig. 7 


tTHLI 
output 
transition 
time 


I 


5 
12 
15 
18 
tTLH 
ns 
4.5 
Fig.6 


"A INPUT 
\VM'" 
r- 


~ 


t=---=t-tl.P'L"" __ 
1 


nY 
OUTPUT 
vM(ll 


"OJ'" 
'THL J - 
_I 
- 
'TLH 


OUTPUT 
LOW'IO-OFF 
OFF·lO·LOw 


OUTPUT 


HIGH-lo-OFF 
OFF-IO·HIGH 


0"""" J__outputS 


enabled 
disabled 


Fig. 6 Waveformsshowing the input (nAI 
to output InYI propagation delays and 
the output 
transition 
times. 


Note to AC waveforms 


111 HC 
VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


J"",,y 19861 ( 
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74HC/HCT368 


MSI 


HEX BUFFER/LINE 
DRIVER; 
3-STATE; 
INVERTING 


FEATURES 


• 
Inverting 
outputs 
• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT368 are high-speed 
Si-gate CMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTLI. They are specified in 
compliance with JEoEC standard no. 7A. 


The 74HC/HCT368 are hex inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nV) are controlled 
by the output enable inputs l10E, 2m:1. 


A HIGH on nOE causesthe outputs to 
assumea high impedance OFF-state. 


The "368" 
is identical to the "367" 
but 


has invertir.g outputs. 


TYPICAL 


SYMBOL 
PARAMETER 
UNIT 


HC 
HCT 


tPHL/ 
propagati~n delay 
9 
11 
ns 


tPLH 
nA to nY 


I 
3.5 
pF 
CI 
input 
capacitance 


135 


CPO 


power 
dissipation 
notes 1 and 2 
30 
30 
pF 
capacitance 
per buffer 


GN0 = a V; Tamb = 25 oC; tr = tf = 6 ns 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PO in IlW): 


Po = CPOx VCC' x fi + l: (CL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 
~ (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GNo to VCC 
For HCT the condition is VI = GNo to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-leadDI L; plastic (SDT38ZI. 
16-leadmini-pack; plastic ISD16; SOT109AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,15 
lot,20E 
output enable inputs (active LOW) 


2,4,6,10,12, 
1At06A 
data inputs 
14 


3,5,7,9,11, 
1Yt06Y 
data outputs 
13 


8 
GNo 
ground (0 Vl 


16 
VCC 
positive supply voltage 


12~11 


14~" 


IS~ 


1Z9J68& 


74HC/HCT368 


MSI 
l__ -- 


INPUTS 
OUTPUTS 


nOE 
nA 
nY 


L 
L 
H 


L 
H 
L 


H 
X 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 
Z = high impedance OF F-state 


~9 


GNO 


J"",,y 19861 ( 


______ 
H_e_x_b_u_f_f_er_/_Ii_n_e_d_ri_V_er_;_3_-_st_a_t_e_; 
__in_v_e_r_t_in_ 


9 
J 


74HC/HCT368 


MSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
tcc category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 


I 


V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


30 
95 
120 
145 
2.0 
tPHLI 
propagation delay 
11 
19 
24 
29 
ns 
45 
Fig.6 
tPLH 


I 


nA to nY 
9 
16 
20 
25 
6.0 


I 


4t 
150 
190 
225 
2.0 
tPZHI 
3-state output enable time 
15 
30 
38 
45 
ns 
4.5 
Fig.7 
tpZL 
nOE to nY 
12 
26 
33 
38 
60 


3-state output disable time 
55 
150 
190 
225 
2.0 
tPHzI 
20 
30 
38 
45 
ns 
4.5 
Fig. 7 
tPLZ 
nOEto nY 
16 
26 
33 
38 
6.0 


14 
60 
75 
90 
2.0 
tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 
4 
10 
13 
15 
6.0 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


The value of additional quiescent supply current (<lICC)for a unit load of 1 is given in the family specifications. 
To determine <lICCper input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


10E 
1.00 
20E 
0.90 
nA 
1.00 


74HC/HCT368 


MSI 
L.__ 
- 


Tamb (OCI 
TEST CONOITIONS 


I 
74HCT 


UNIT I 
SYMBOL 
PARAMETER 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
. 
! 
min. 
I 
typ. 
max. 
mm-l 
max. 
max. 
I 


tPHLI 
I 


propagation delay 


1 
13 
24 
30 
36 
I 


4.5 I Fig.6 
tpLH 
nA to nY 
ns 


tPzHI 
3-state output enab e time 
17 
35 
44 
53 
4.5 
Fig.7 
tpZL 
nDE to nY 
ns 


tpHzI 
I 


3-state autEut disable time 
20 


I 


35 
44 
53 
ns 
I 
4.5 I Fig. 7 
tPLZ 
nOE to nY 


tTHLI 


output 
transition 
time 
5 
12 
tTLH 
15 
18 
ns 
4.5 
Fig.6 


OUTPUT 
lOW. to·OFF 


OFF-IO-LOW 


OUTPUT 


HIGH-Io-OFF 


OFF-to-HIGH 


Fig. 6 Waveformssho",ing the input (nA) 
to output (nY) propagation delays and 
the output 
transition 
times. 


Note to AC waveforms 


(l)HC 
VM=50%;VI=GNDtoVCC. 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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74HC/HCT373 


MSI 


• 
3·state non· inverting 
outputs for 
bus oriented applications 
• 
Common 3-state output enable 
input 


• 
Functionally 
identical to the "563", 
"573" 
and "533" 


• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT373 are high-speed 
Si-gate 
CMOS 
devices and are pin 
compatible with low power Schottky 
TTL ILSTTL). They are specified in 
compliance with JEDEC standardno. 7A. 


The 74HC/HCT373 areoctal D-type 
transparent 
latches 
featuring 
separate 
D-type inputs for each latch and 3-state 
outputs 
for bus oriented 
applications. 
A latch enable (LE) input andan output 
enable IGE) input are common to all 
latches. 


The "373" consists of eight D-type 
transparent 
latches 
with 
3·state 
true 
outputs. When LE is HIGH, data at the 
On inputs 
enters 
the 
latches. 
In this 


condition 
the latches are transparent, 
Le. a latch 
output 
will 
change state each 
time 
its corresponding 
D-input 
changes. 


When LE is LOW the latchesstore the 
information 
that 
was 
present 
at the 
D-inputs 
a set-up 
time 
preceding 
the 
HIGH-to-LOW transition of LE. 
When OE is LOW, the contents of the 
8 latches 
are available 
at the outputs. 
When OE is HIGH, the outputs go to 
the high impedance OFF-state. 
Operation 
of the DE 
input 
does not 
affect the state of the latches. 


The "373" 
is functionally 
identical to 


the "533", 
"563" and "573", but the 


"563" 
and "533" 
have inverted outputs 
and the "563" 
and "573" 
havea 
different 
pin arrangement. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
CL=15pF 
Dn to Qn 
12 
14 
ns 
tPLH 
LE to Qn 
VCC = 5 V 
15 
13 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpD 


power 
dissipation 
notes 1 and 2 
45 
41 
pF 
capacitance 
per latch 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlWI: 


PD = CPD x VCC' x fi + l: ICL x VCC' x fo) where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo = output frequency in MHz 
VCC 
= supply voltage in V 
L ICL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead 
01 L; plastic 
(SOT1461. 


20-lead mini-pack; 
plastic (S020; 
SOT163A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
OE 
3-state output enable input lactive LOW) 


2,5,6,9,12, 
QOto Q7 
3-state latch outputs 
15,16,19 


3,4,7,8,13, 
DOto D7 
data inputs 
14,17,18 


10 
GND 
ground (0 V) 


11 
LE 
latch enable input lactive HIGH) 


20 
VCC 
positive supply voltage 


11 


LE 


00 
00 


0, 
a, 


0, 
a, 


0, 
a, 


" 


0, 
a, 
12 


14 
0, 
a, 
15 


17 
0, 
a, 
16 


18 
0, 
a, 
19 


DE 


lZ932S1 


Fig. 2 Logic symbol. 


74HC!HCT373 


MSI 


INPUTS 
INTERNAL 
OUTPUTS 
OPERATING 
MODES 
OE 
LE 
On 
LATCHES 
00 to 0] 


enable 
and read 
L 
H 
L 
L 
L 


register 
L 
H 
H 
H 
H 


(transparent 
mode) 


latch 
and read 
L 
L 


I ~ 


L 
L 


register 
L 
L 
H 
H 


latch register and 
H 
X 
X 
X 
Z 
disable 
outputs 
H 
X 
X 
X 
Z 


H 
HIGH 
voltage 
level 
h 
HIGH 
voltage 
level one set-up time 
prior 
to the 


HIGH-to-LOW 
LE transition 
L 
LOW voltage 
level 


I 
LOW voltage 
level one set-up time 
prior 
to the 


HIGH-to-LOW 
LE transition 


X = 
don't 
care 
Z 
= 
high impedance 
OFF-state 


620 
S""mb,, 19931 ( 


______ 
o_c_t_a_1 _D_-t_ 


y 


_ 


p 


_e_t_r_a_n_s 


p 


_a_r_e_n_t_la_t_c_h_; 
__3_-s_t_a_te 
J 


74HC!HCT373 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = a V;tr= 
tf= 
6 ns;CL 
= 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to+85 
-40 
to +125 
V 


min. 
typ. 
max. 
min. 
max. 
min. 
max. 


tPHL/ 


I 


propagation delay 
41 
150 


1 


190 
225 
I 2.0 
15 
30 
38 
45 
ns 


I 


4.5 
Fig. 7 
tpLH 
On to Qn 
12 
26 
33 
38 
6.0 


tPHL/ 


I 


propagation delay 
50 
175 
220 


I 


265 
2.0 
18 
35 
44 
53 
ns 
4.5 
Fig. 8 
tpLH 
LE to Qn 
14 
30 
37 
45 
6.0 


I 


144 
150 
I 
190 


1 


225 
2.0 
tPZH/ 
3·5tate output enable time 
16 
30 


I 


38 
45 
ns 
4.5 
Fig.9 


tPZL 
DE to Qn 
13 
26 
33 
38 
6.0 


tPHZ/ 
3·state output 
disable time 
47 
150 
190 


I 


225 
2.0 


DE to Qn 


I 


17 
30 


1 
38 
45 
ns 
4.5 
Fig.9 


tPLZ 
14 
26 
33 
38 
6.0 


tTHL/ 
14 
60 


175 
90 
2.0 


output 
transition 
time 
5 
12 


1 
15 
18 
ns 
4.5 
Fig. 7 
tTLH 
4 
10 
13 
15 
6.0 
I 


LE pulse width 
80 
17 
100 


I 


120 
2.0 


tw 
16 
6 
20 
24 
ns 
4.5 
Fig. 8 
HIGH 
14 
5 
17 
20 
6.0 


set-up time 


I 


50 Ir 


65 
75 


I 


2.0 


tsu 
10 
13 
15 
ns 
4.5 
Fig. 10 
On to LE 
9 
11 
13 
6.0 


hold time 
5 
-8 
5 
5 
2.0 


th 
On to LE 
5 
-3 
5 
5 
ns 
4.5 
Fig. 10 
5 
-2 
5 
5 
6.0 


74HC/HCT373 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
wpply 
current 
(6.ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


On 
0.30 
LE 
1.50 
5E 
1.00 


AC CHARACTERISTICS 
FOR 14HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (oCI 
TEST CONDITIONS 


74CHT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
I 


17 
30 
38 
45 
ns 
4.5 
Fig. 7 
tpLH 
On to On 


tpHLI 
propagation delay 
16 
32 
40 
I 


48 
ns 
4.5 
Fig. 8 
tpLH 
LE to On 


tpZHI 
3·state output enable time 
19 
32 
40 
48 
ns 
4.5 
Fig. 9 
tpZL 
(Jf to On 


tPHzl 
3-state output disable time 
18 
30 
38 
45 
ns 
4.5 
Fig.9 
tpLZ 
5E to On 


tTHLI 
output 
transition 
tim,~ 
5 
12 
15 
18 
ns 
4.5 
Fig. 7 
tTLH 


tw 
LE pulse width 
16 
4 
20 
24 
ns 
4.5 
Fig. 8 
HIGH 


tsu 
set·up time 
12 
6 
15 
18 


I 


ns 


14.5 
Fig. 10 
On to LE 


th 
hold time 
4 
-1 
4 
4 
ns 
4.5 
Fig. 10 


On to LE 


______ 
o_c_t_al_D_-t_Y_p_e_t_r_a_n_sp_a_r_e_n_t_la_t_c_h_;._3_-s_t_at_e 
J 


74HC!HCT373 


MSI 


Fig. 7 
Waveforms 
showing 
t,e 
input 
(On) 


to output 
(On) propagation 
delays and 


the output transition times. 


Fig. 8 Waveforms 
showing 
the latch enable input 


(LE) 
pulse width, 
the latch enable input 
to output 
(Qn) 
propagation 
delays and the output 
transition 
times. 


LY 


-'PLZ- 
~'PZL 
v 


M 


'" 


a", 
OUTPUT 


LOW·IO·OFF 


OFF-to-LOW 
10% 


1- 
tpHZ 
_ 
__ IpZH_ 


an 
OUTPUT 


HIGH-IO-OFF 


OFF-Io-HIGH 
Fig. 10 Waveforms 
showing 
the data set-up and 
hold 
times for On input 
to LE input. 


Note to Fig. 10 


The shaded areas indicate when the input is 
permitted 
to change 
for predictable 
output 
performance. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GNO to VCC' 
HCT: VM = 1.3 V; VI = GNO to 3 V. 


74HC/HCT374 


MSI 


• 
3-state non-inverting 
outputs ior bus 
oriented applications 
• 
8-bit positive, edge-triggered 
register 
• 
Common 3-state output 
enable input 


• 
Independent register and 3-state 
buffer operation 
• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT374 are high-speed 
Si-gate CMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTLI. They arespecified in 
compliance with JEDEC standard no. 7A. 
The 74HC/HCT374 areoctal D-type 
flip-flops featuring separateD-type inputs 
for each flip-flop and 3-state outputs for 
bus oriented 
applications. 


A clock (CP) and an output enable (OEI 
input are common to all flip-flops. 


The 8 flip-flops will store the state of their 
individual D~inputs that meet the set·up 
and hold 
times requirements 
on the 
LOW-to-HIGH CPtransition. 


When <:JE is LOW, the contents of the 
8 flip-flops are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF·state. Operation of 
the 0 E input does not affect the state of 
the flip-flops. 


The "374" 
is functionally identical to the 
"534", 
but has non·inverting 
outputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpHLI 
propagation delay 
15 
13 
ns 


tpLH 
CPto On 
CL=15pF 
VCC = 5 V 
fmax 
maximum 
clock 
frequency 
77 
48 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
17 
17 
pF 
capacitanceper flip-flop 


GND =0 V; Tamb =25 °C;tr =tf= 
6 ns 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in II-WI: 


PD = CPD x VCC' x fi + l: (CL x VCC' x fol where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


l: (CL X VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


20-lead01L; plastic 150T1461. 
20-leadmini-pack; plastic 15020; 50T163AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
OE 
3-state output enable input (active LOW) 


2,5,6,9, 
12, 
00 to 07 
3-state flip-flop outputs 
15,16,19 


3,4,7,8, 
13, 
DOto D7 
data 
inputs 
14,17,18 


10 
GND 
ground (0 VI 


11 
CP 
clock input (LOW-to-HIGH, edge-triggeredI 


20 
VCC 
positive 
supply 
voltage 


vcc 


11 


cp 
07 
DO 
00 
'0 
I> v- 
0, 
a, 


0, 
a, 


0, 
a, 


'3 
0, 
a, 
12 


0, 
a, 
15 
13 
12 
17 
06 
a6 
16 


18 
D7 
a7 
19 
14 
15 


aE 
17 
16 


GND 
7Z90966 
18 
19 


7Z90961.1 


Fig. 1 Pin configuration. 
Fig.2 
Logic symbol. 
Fig. 3 IEC logic symbol. 


74HC/HCT374 


MSI 
l, 
------------------------------- 


, 
00 


4 0, 


7 0, 
• 0, 


13 
D~ 


Os 


11 °6 


18 07 


INPUTS 
INTERNAL 
OUTPUTS 
OPERATING 
MODES 
OE 
CP 
Dn 
FLIP-FLOPS 
00 to 07 


load and read 
L 
t 
I 
L 
L 
register 
L 
t 
h 
H 
H 


load register 
and 
H 
t 
I 
L 
Z 


disable outputs 
H 
t 
h 
H 
Z 


H = HIGH voltage level 
h = HIGH voltage level one set-up time 
prior to the LOW-to-HIGH 
CP transition 


L = LOW voltage level 
I 
= LOW vOltage level one set-up time 


prior to the LOW-to-HIGH 
CP transition 
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74HC/HCT374 


MSI 


Output 
capabil ity: bus driver 


ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
50 
165 
205 
250 
2.0 
18 
33 
41 
50 
ns 
4.5 
Fig. 6 
tPLH 
CP to Qn 
14 
28 
35 
43 
6.0 


tpZHI 
3·state output enable time 


I 


41 
150 
190 
225 
2.0 


tPZL 
OE to Qn 
15 
30 
38 
45 
ns 
4.5 
Fig. 7 
12 
26 
33 
38 
6.0 


tPHzI 
3-state output disable time 
50 
150 
190 
225 
2.0 


tpLZ 
DE to Qn 
18 
30 
38 
45 
ns 
4.5 
Fig. 7 


14 
I 26 
33 
38 
6.0 


tTHLI 
I 


14 
60 
75 


I 


90 
2.0 


output transition 
ti me 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
4 
10 
13 
15 
6.0 


I 


clock pulse width 


I 


80 
19 


I 


100 
120 


I 


2.0 


tIN 
HIGH or LOW 
16 
7 
20 
24 
ns 
4.5 
Fig. 6 


14 
6 
17 
20 
6.0 


set-up 
time 


I 


60 
14 


I 


75 
90 
2.0 


tsu 
Dn to CP 
12 
5 
15 
18 
ns 
4.5 
Fig. 8 


10 
4 
13 
15 
6.0 


hold time 
5 
-6 
5 
5 
2.0 


th 
Dn to CP 
5 
-2 
5 
5 
ns 
4.5 
Fig.8 


5 
-2 
5 
5 
6.0 


maximum 
clock 
pulse 
6.0 
23 
4.8 
4.0 
2.0 


fmax 
30 
70 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
83 
28 
24 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
!;upply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
.6.Ice per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table below. 


INPUT 
UNIT LOAD 
I 


COEFFICIENT 


OE 
1.25 
CP 
0.90 
On 
0.35 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max·l 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
16 
32 
40 


I 


48 
ns 
4.5 
Fig. 6 
tpLH 
CP to On 


tpZHI 
3-state output 
enable time 
16 
30 
38 
45 
1 ns 
4.5 
Fig. 7 


tPZL 
DE to On 


tPHzl 
3-state output disable time 
18 
28 
35 
42 
ns 
4.5 
Fig. 7 


tPLZ 
DE to On 


tTH LI 


I 


output 
transition 
time 
5 
12 


1 
15 
18 
I ns 
4.5 
Fig. 6 
tTLH 


tw 
clock pulse width 
19 
11 
24 


1 
29 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tsu 


set-up time 
12 
7 
15 


I 


18 
ns 
4.5 
Fig. 8 
On to CP 


hold time 
5 
-3 
5 
5 
4.5 
Fig.8 
th 
On to CP 
ns 


fmax 


maximum 
clock 
pulsl~ 
26 
44 
21 
17 


I 


MHz 
4.5 
Fig. 6 
frequency 
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74HC/HCT374 
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r- 


lIfm"--1 


~-"<~\' I-'"<j 
I 
VM III 
I 


7Z874791 
..•..1 1_ 'THl 
__ 
1_ ITLH 


Fig. 6 Waveforms 
showing 
the clock 
(CP) to 
output 
(On) 
propagation 
delays, 
the clock 
pulse 
width, 
output 
transition 
times and the maximum 


clock 
pulse frequency. 


an 
OUTPUT 


LOW-IlJ-OFF 


OFF-IO-LOW 


Qn 
OUTPUT 


HIGH-Ie-OFF 


OFF-Io-HIGH 


___ F 


Note to AC waveforms 


(1) 
HC 
VM = 50%; VI ~ GNO 
to VCC' 


HCT: 
VM = 1.3V;VI 
= GNO t03V. 


Fig. 8 
Waveforms 
showing 
the data set·up 
and 
hold 
times for 
On input. 


Note 
to Fig. 8 


The shaded areas indicate when the input is 
permitted 
to change for 
predictable 
output 
performance. 


____ 
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74HC/HCT377 


MSI 


• 
Ideal for addressable register 
applications 
• 
Data enable for address and data 
synchronization 
applications 
• 
Eight positive-edge triggered [Hype 
flip-flops 


• 
See 11273" 
for 
master 
reset 
vel'sian 
• 
See "373" 
for transparent 
latch 


version 
• 
See "374" 
for 3-stato version 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT377 are high·speed 
si·gate CMOSdevicesand are pin 
compatible with low power Schottky 
TTl 
(lsTTll. 
They arespecified in 
compliance with JEOECstandardno. 7A. 


The 74HC/HCT377 haveeight edge· 
triggered, Ootypeflip-flops with individual 
o inputs and G outputs. 
A common clock (CPI input loadsall 
flip·flops simultaneously when the data 
enable eEl is lOW. 
The state of each D input, one set-up time 
before the lOW-to-HIGH clock transition, 
is transferred to the corresponding 
output 


(Gnl of the flip·flop. 


The E input must be stable only one 
set-up time prior to the lOW-to-HIGH 
transition 
for predictable 
operation. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHll 
propagation delay 


I 


13 
14 
ns 
tPLH 
CPto Gn 
Cl = 15 pF 
VCC = 5 V 
fmax 
maximum 
clock 
frequency 
77 
53 
MHz 


C, 
input capacitance 
3.5 
3.5 
pF 


CPO 


power dissipati on 
notes 
1 and 2 
20 
20 
pF 
capacitanceper flip-flop 


GNO = 0 V; Tamb = 25 ·C;tr = tf ~ 6 ns 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PO in /-lWI: 


Po = CPOx VCC' x fi + ); (Cl x VCC' x fol where: 


fi 
= input frequency in MHz 
Cl 
output load capacitance in pF 
fa = output frequency in MHz 
VCC = supply voltage in V 
1: (Cl 
X VCC' x fa) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 1.5 V 


20·lead DIL: plastic ISOT1461. 


20·lead mini-pack: plastic IS020: SOT163A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
E' 
data enable input (active lOWI 


2,5,6,9,12, 
GOto G7 
flip·flop outputs 
15,16,19 


3,4,7,8,13, 
DOto 07 
data 
inputs 
14,17,18 


10 
GNO 
ground (0 VI 


11 
CP 
clock input (lOW·to-HIGH, edge-triggered) 


20 
VCC 
positive supply voltage 


CP 


00 
00 


0, 
a, 


0, 
a, 


DJ 
oJ 


1J 
D, 
a, 
12 


DS 
as 
15 


17 
0, 
a. 
16 


18 
D, 
a, 
19 


74HC/HCT377 


MSI 
l. 
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3 00 
aD , 
, 0, 
a, , 


) 0, 
a, • 


8 
0, 
FF' 
a, 9 


13 
0, 
,. 
OUTPUTS 
Q4 
12 
'Fa 
14 
0, 
as 
15 


17 D. 
06 
16 


Ie °7 
Q7 
19 
, 
E 


11 
CP 


OPERATING 
INPUTS 
OUTPUTS 


MODES 
CP 
r 
On 
On 


load "1" 
t 
I 
i 


h 
H 


load "0" 
t 
I 
I 
L 


hold 
(do nothing) 
t 
h 
X 
no change 


X 
H 
X 
no change 


H = HIGH 
voltage 
level 
h = HIGH 
voltage 
level one set-up 
time 


prior 
to the 
LOW-to-HIGH 
CP transition 
L = LOW voltage 
level 


I 
= LOW voltage 
level one set-up 
time 


prior 
to the LOW-to-HIGH 
CP transition 


t = LOW-to-HIGH 
CP transition 


X = don't 
care 
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74HC/HCT377 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output capability: 
standard 


ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND~ 
0 V:tr=tf= 
6ns: CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
44 
160 


I 


200 
240 
2.0 


16 
32 
40 
48 
ns 
4.5 
Fig.6 
tpLH 
CP to On 
13 
27 
34 
41 
6.0 


tTH LI 
I 


19 
75 
95 
110 


I 


2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
14 


I 


100 
120 


I 


2.0 
tw 
16 
5 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 
14 
4 
17 
20 
6.0 


set-up time 
60 
14 


I 


75 
90 


I 


2.0 


!SU 
On to CP 
12 
5 
15 
18 
ns 
4.5 
Fig. 7 
10 
4 
13 
15 
6.0 


set-up time 
60 
6 
75 
90 


I ns 


2.0 


tsu 
Eto 
CP 
12 
2 
15 
18 
4.5 
Fig. 7 
10 
2 
13 
15 
6.0 


hold time 
3 
-8 
3 
3 
2.0 
th 
On to CP 
3 
-3 
3 
3 
ns 
4.5 
Fig. 7 


3 
-2 
3 
3 
6.0 


hold time 
4 
-3 
4 


I 


4 
2.0 


th 
Eto 
CP 
4 
-1 
4 
4 
ns 
4.5 
Fig. 7 


4 
-1 
4 
4 
6.0 


maximum 
clock 
pulse 
6 
23 
5 
4 
2.0 


fmax 
30 
70 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
83 
28 
24 
6.0 


'I(Moc,h 
1988 
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Jl 
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_ 


For the DC characteristics 
see Cl1apter "HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 


ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
Dolce per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


UNIT LOAD l 
COEFFICIENT 


1.50 
0.50 
0.20 


AC CHARACTERISTICS 
FOFI 74HCT 


GND ~ 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (oCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
17 
32 
40 
48 
ns 
4.5 
Fig.6 
tPLH 
CP to Qn 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


tw 
clock puIsewidth 
20 
8 
25 
30 
ns 
4.5 
Fig.6 
HIGH or LOW 


tsu 
set-up time 
12 
4 
15 
18 


I 


ns 
4.5 
Fig. 7 


On to CP 


tsu 


set-up time 
22 
12 
28 
33 
ns 
4.5 
Fig. 7 
Eto 
CP 


th 
hold time 
2 
-4 
2 
2 
ns 
4.5 
Fig. 7 
On to CP 


hold time 
3 
-2 
3 
3 
ns 
4.5 
Fig. 7 
th 
Eto 
CP 


fmax 


maximum 
clock 
pulse 
27 
48 
22 
18 
MHz 
4.5 
Fig. 6 
frequency 
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1__ 
lll~,~ 


CPINPUT~ 


_-IW_1 


Fig. 6 
Waveforms 
showing 
the clock 
(CP) to 
output 
(On) 
propagation 
delays, 
the clock 
pulse 


width, 
output 
transition 
times and the maximum 
clock 
pulse 
frequency. 


Fig. 7 
Waveforms 
showing 
the data set-up and 


hold 
times 
from 
the data 
input 
(Dn) 
and from 


the data enable 
input 
(E) to the clock 
(CP). 


Note 
to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GND 
to VCC' 


HCT: 
VM = 1.3V; 
VI = GND 
t03V. 


Note 
to Fig. 7 


The shaded areas indicate 
when 
the inpu t is 


permitted 
to change 
for predictable 
output 
performance. 


____ 
J 


• 
Two 
BCD decade 
or bi-quinary 
counters 
• 
One 
package 
can be configu red 
to divide-by-2, 
4, 5,10,20,25, 
50 or 100 
• 
Two 
master 
reset 
inputs 
to clear 
each 
decade 
counter 
individually 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


The 74HC/HCT390 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTl 
(lSTTLI. 
They are specified 
in 
compliance 
with JEOEC standard 
no. lA. 


The 74HC/HCT390 
are dual 4-bit 
decade 
ripple 
counters 
divided 
into 
four 
separately clocked sections. The counters 
have two divide-by-2 
sections and two 
divide·by-5 sections. 
These sections are 
normally 
used in a BCO decade or 
bi-quinary 
configuration, 
since they 
share 
a common 
master 
reset input 
(nMR). 
If the two master 
reset inputs (1 MRand 
2MR) are used to simultaneously 
clear 
all 8 bits of the counter, 
a number 
of 
counting 
configurations 
are possible 
within one package. The separate clocks 
(nCPO and nCP,) 
of each section 
allow 
ripple 
counter 
or frequency 
division 
applications 
of divide-by-2, 
4, 5, 10,20, 
25, 50 or 100. 


(continued on next page) 


74HC/HCT390 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 
n~o 
to nOO 
14 
18 
ns 


tPHll 
nCP1 to nOl 
Cl=15pF 
15 
19 
ns 


tPlH 
n~l 
to n02 
VCC = 5 V 
23 
26 
ns 
nCP, 
to n03 
15 
19 
ns 
nMR to On 
16 
18 
ns 


fmax 
maximum 
clock 
frequency 
nCPO' nCP, 
66 
61 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 
power dissipation 
notes' 
and 2 
20 
2' 
pF 
capacitance per counter 


Notes 


,. 
CPO is used to determine 
the dynamic 
power dissipation 
(PO in IlW): 


Po = CPO x VCC' 
x fi +:!: (Cl 
x VCC' 
x fo) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
VCC 
= supply voltage in V 
L (Cl 
x VCC' 
x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


, 6-lead 01l; plastic 150T3BZ). 


16-lead mini-pack; 
plastic 15016; 50T109AI. 


4.12 
+5 '0, 
5.11 
'0, 
6.10 


2.14 
,MR 
'0, 
7.' 


7Z93776.1 


0lV5 
{O 


CT 
10 
, . 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


I 
1CPO,2CPO 
clock input divide-by-2 section (HIGH-to-LOW, 
1, 15 
edge-triggered) 


2,14 
lMR,2MR 
asynchronous master reset inputs (active HIGH) 


3,5,6,7 
100t0103 
flip-flop outputs 


4,12 
1CP1,2CPl 
clock input divide-by-5 section (HIGH-to-LOW, 
edgetriggered) 


8 
GND 
ground (0 V) 


13,11,10,9 
200 to 203 
flip-flop outputs 


16 
VCC 
positive supply voltage 


BCD COUNT SEQUENCE 
FOR 


1/2 THE "390" 


OUTPUTS 
COUNT 
I 


°0 
Q1 
Q2 
Q3 


0 
L 
L 
L 
L 


1 
H 
L 
L 
L 


2 
L 
H 
L 
L 
3 
H 
H 
L 
L 
4 
L 
L 
H 
L 


5 
H 
L 
H 
L 


6 
L 
H 
H 
L 
7 
H 
H 
H 
L 
8 
L 
L 
L 
H 


9 
H 
L 
L 
H 


Note 


Output 00 connected to nCPl with 
counter 
input 
on nC'Po. 


BI-QUINARY 
COUNT SEQUENCE 
FOR 1/2 THE "390" 


OUTPUTS 
COUNT 
QO 
Q1 
Q2 
°3 


0 
L 
L 
L 
L 
1 
L 
H 
L 
L 


2 
L 
L 
H 
L 


3 
L 
H 
H 
L 
4 
L 
L 
L 
H 


5 
H 
L 
L 
L 


6 
H 
H 
L 
L 


7 
H 
L 
H 
L 


8 
H 
H 
H 
L 


9 
H 
L 
L 
H 


Note 


Output 03 connected to nCPOwith 
counter input on nCP,. 


Each section is triggered by the HIGH-to- 
LOW transition of the clock inputs 
(nCPOand nCP1)_ 
For BCD decade operation, the nOO 
output is connected to the nCPl input of 
the divide-by-5 section. For bi-quinary 
decade 
operation, 
t~ 
nQ3 
output 
is 
connected to the nCPOinput and nOO 
becomes the decade output. 


The master reset inputs (1MR and 2MR) 
are active HIGH asynchronous 
inputs 
to 


each decade 
counter 
which 
operates 
on 
the portion of the counter identified by 
the "1" 
and "2" prefixes in the pin 
configuration. A HIGH level on the nMR 
input overrides the clocks and sets the 
four outputs LOW_ 
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~0::L~cp 
Q 


RO 


MR 


74HC/HCT390 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
I -40 
to +851 
-40 to +125 
UNIT 
VCC 
WAVEFORMS 


+25 
V 


min. 
typo 
max. 
min. 
max. 
I min. 
max. 


tpHLI 
propagation delay 
47 
145 
180 
220 
2.0 


tpLH 
nCPOto nOO 
17 
29 
36 
44 
ns 
4.5 
Fig.6 


14 
25 
31 
38 
6.0 


tPHLI 
propagation 
delay 
50 
155 
195 
235 
2.0 
18 
31 
39 
47 
ns 
4.5 
Fig.6 
tPLH 
nCP1 to nOl 
14 
26 
33 
40 
6.0 


tpHLI 


I 


propagation delay 


1 


74 


I 


210 
265 
315 
2.0 


tPLH 
nCPl to n02 
27 
42 
53 
63 
ns 
4.5 
Fig.6 


22 
36 
45 
54 
6.0 


tPHLI 
I 


propagation delay 
50 
155 
195 
235 
2.0 


tpLH 
nCPl to n03 
18 
31 
39 
47 
ns 
4.5 
Fig.6 


14 
26 
33 
40 
6.0 


I 


propagation delay 
52 
165 
205 
250 
2.0 
tPHL 
nMR to nOn 
19 
33 
41 
50 
ns 
4.5 
Fig.7 


15 
28 
35 
43 
6.0 


I 
19 
75 


1 


95 
110 
2.0 
tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
19 
100 


1 


120 


I 


2.0 
tw 
nCPO, nCPl 
16 
7 
20 
24 
ns 
4.5 
Fig.6 
14 
6 
17 
20 
6.0 


master reset pulse w dth 


I 


80 
28 


I 
1 


105 
130 


I 


2.0 


tw 
HIGH 
17 
10 
21 
26 
ns 
4.5 
Fig.7 


14 
8 
18 
22 
6.0 


I ~2 I 


1110 


I 


removal 
time 
75 


1 
95 


I ns 
2.0 
trem 
nMR to nCPn 
15 


1 


19 


122 
4.5 
Fig.7 


13 
6 
I 
16 


119 
6.0 


I fmax 


maximum 
clock 
pul~,e 
6.0 
120 


I ~~8 i 
I ~OOl 


2.0 
frequency 
30 


1 


60 
MHz 
4.5 
Fig.6 
nCPO, nCP1 
35 
71 
i 24 
6.0 


M."h 19881 ( 


______ 
D_u_a_' _d_e_Ca_d_e_ri_p_p_'e_co_u_n_t_e_r 
J 


74HC/HCT390 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


The value 
of additional 
quiescent 
supp y current 
(Alec) 
for a unit 
load of 
1 is given in the family 
specifications. 
To determine 
Ll1ec 
per input, 
multiplv 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


n~O 
0.45 
nCP1. nMR 
0.60 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
21 
34 
43 
51 
ns 
4.5 
Fig. 6 
tpLH 
nCPOto nOO 


tPHLI 
propagation delay 
22 
38 
48 
57 
ns 
4.5 
Fig. 6 
tPLH 
nCP1 to n01 


tPHLI 
propagation delay 
30 
51 
64 
77 
ns 
4.5 
Fig. 6 
tpLH 
nCP1 to n02 


tPHLI 
propagation delay 
22 
38 
48 
57 
ns 
4.5 
Fig. 6 
tPLH 
nCP1 to n03 


tpHL 


propagation 
delay 
21 
36 
45 
54 
ns 
4.5 
Fig. 7 
nMR to nOn 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


tw 
clock pulse width 
18 
8 
23 
27 
4.5 
Fig. 6 
nCPO. nCP1 
ns 


tw 
master reset pulse width 
17 
10 
21 
26 
4.5 
Fig. 7 
HIGH 
ns 


trem 
removal 
time 
15 
8 
19 
22 
Fig.7 
nMR to nCPn 
ns 
4.5 


maximum 
clock 
pulse 


fmax 
frequency 
27 
55 
22 
18 
MHz 
4.5 
Fig.6 
nCPO. nCP1 


74HC/HCT390 


MSI 
L 
_ 


oMR 
'NPUT 4v",,,. 


~- 


nOn 
INPUT 
I 
~ 


-'PH',I 


,_V' r 


Fig.6 
Waveforms 
showing 
the clock 
(nCPn) 
to 


output 
InOn) 
propagation 
delay;, 
the clock 
pulse width, 
the output 
transition 
times and l:he maximum 
clock 
frequency. 


Fig.7 
Waveforms 
showing 
the master reset (nMRI 
pulse width, 
the master 
reset to output 
(nOn) 
propagation 
delays 
and 


the master 
reset to clock (nCPn) removal 
time. 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 
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• 
Two 4-bit binary counters with 
individual 
clocks 
• 
Divide-by 
any binary module up to 


28 inane 
package 
• 
Two master 
resets to clear each 


4-bit counter 
individually 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT393 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7A. 


The 74HC/HCT393 are 4-bit binary 
ripple counters 
with separate 
clocks 
(1CP and 2 CPI and master reset (1MR 
and 2MR) inputs to eachcounter. 
The operation of each half of the "393" 
is the same as the "93" except no external 
clock 
connections 
are required. 
The counters are triggered by a HIGH-IO- 
LOW transition 
of the clock 
inputs. 
The 
counter 
outputs 
are internally 
connected 
to provide 
clock 
inputs 
to succeeding 
stages. The outputs 
of the ripple counter 
do not change synchronously 
and 
should not be used for high-speedadelress 
decoding. 


The master 
resets are active-HIGH 
asynchronous 
inputs 
to each 4·bit 
counter 
identified by the" 1" and "2" in the pin 
description. 
A HIGH level on the nMR input overrides 
the clock and setsthe outputs LOW. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


propagation delay 


tpHL/ 
nCPto nOO 
12 
20 
ns 


tPLH 
nO to nOn+1 
CL=15pF 
5 
6 
ns 


nMR to nOn 
VCC = 5 V 
11 
15 
ns 


fmax 
maximum 
clock 
frequency 
99 
53 
MHz 


CI 
input capacitance 
3.5 
3.5 
I pF 


CPD 


power dissipation 
notes 1 and 2 
23 
25 
pF 
capacitance 
per counter 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in fJ.W): 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
L ICL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


14-lead 
DI L; plastic 
(SOT271. 


14-lead mini·pack; plastic (5014; SOT108Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,13 
1CP,2CP 
clock inputs (HIGH-to-LOW, edge-triggered) 


2,12 
1MR,2MR 
asynchronous 
master 
reset inputs 
(active 
HIGH) 


3,4,5,6, 
10oto 
1°3, 
flip-flop outputs 
11,10,9,8 
200 to 203 


7 
GND 
ground (0 VI 


14 
VCC 
positive supply voltage 
l 


CTR4 
1--0 
lCP 
'°0 
,,[ 


Vcc 
'0, 
CT"'O 


I 


'°2 
. 


lMR 
'°3 


'°2 
13-o2CP 
2°0 


CTA4 


20, 
10 
o{ 


10 
CT"0 
2°2 
. 
" 


2MR 
2°3 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 
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_ 


CP ----{>-oCo 


FFl 


RD 


MR --[>0---1- 


----, 


lCP 
100 
3 
@-+8-[J-{~}-{P 


4·31T 
,0, 


BINARY 
$ 
ep 


RIPPLE 
102 


COUNTER 
10) 
6 


200 
II 
0 
ep 


4-81T 
20, 
10 
I 
clJ 


BINARY 


J 


ep 


RIPPLE 
202 
9 


12 
2MR 
COUNTER 
20) 
8 
G-G-G}--G-EJ 


7Z933S0 
1Z93352 


Fig. 4 
Functional 
diagram. 
Fig. 5 State diagram. 


OUTPUTS 


COUNT 


I 
QO 
Ql 
Q2 
Q3 


0 
L 
L 
L 
I 
L 
, 
H 
L 
L 
I 
L 
2 
L 
H 
L 
L 
3 
H 
H 
L 
L 


4 
L 
L 
H 
L 


5 
H 
L 
H 
L 
6 
L 
H 
H 
L 
7 
H 
H 
H 
L 


8 
L 
L 
L 
H 
9 
H 
L 
L 
H 
10 
L 
H 
L 
H 


11 
H 
H 
L 
H 


12 
L 
L 
H 
H 
13 
H 
L 
H 
H 


14 
L 
H 
H 
H 


15 
H 
H 
H 
H 
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DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 


ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf 
= 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40to 
+85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


ItPHLI 
propagation delay 
41 
125 
155 
190 
2.0 


15 
25 
31 
38 
ns 
4.5 
Fig. 7 
tpLH 
nas to nQO 
12 
21 
26 
32 
6.0 


tPHLI 


I 


propagation delay 


I 


14 Ir 


55 
70 
2.0 
5 
11 
14 
ns 
4.5 
Fig. 7 
tPLH 
nQn to nQn+l 
4 
9 
12 
6.0 


I tPHL 
propagation delay 
39 


1 


140 
/175 
210 


I 


2.0 


nMR to nQn 
14 
28 
35 
42 
ns 
4.5 
Fig. 8 
11 
24 
30 
36 
6.0 


I 


I 


I 
I 


tTHLI 


I 


19 
75 


1 


95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
17 
100 
120 
2.0 
tw 
16 
6 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 
14 
5 
17 
20 
6.0 


master 
reset 
pulse 
80 
19 
100 


I 


120 
2.0 
tw 
width; 
HIGH 
16 
7 
20 
24 
ns 
4.5 
Fig. 8 
14 
6 
17 
20 
6.0 


removal 
time 
5 


Ir 


5 
5 


I 


2.0 


trem 
nMR to nCP 
5 
5 
5 
ns 
4.5 
Fig. 8 
5 
5 
5 
6.0 


maximum 
clock 
pulse 
6 
30 
5 
4 
2.0 


fmax 
frequency 
30 
90 
24 
20 
MHz 
4.5 
Fig. 7 
35 
107 
28 
24 
6.0 


74HC/HCT393 
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l_~ 
__ 


DC CHARACTERISTICS 
FOF: 74HCT 


For the DC characteristics 
see ch,pter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: MSI 


Note to HCT types 


The value 
of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
c.1ee per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


UNIT LOAD 
COEFFICIENT 


lCP 
0.4 


2CP 
0.4 
1MR 
1.0 
2MR 
1.0 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V;tr 
=tf 
= 6 ns;CL = 50 pF 


,,"'OC I 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 
PARAMETER 


-40 to +851 


UNIT 
VCC 
WAVEFORMS 


I 


+25 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 


I 


propagation 
delay 
15 


I 


25 
31 


I 


38 


I 


ns 


1 


45 


I 


Fig. 7 
tPLH 
nC15to nQO 


I 


tpHLI 


I 


propagation 
delay 


16 


I 


10 
13 


1 


15 
ns 
4.5 
Fig. 7 
tPLH 
nQn to nQn+1 


tpHL 


I 


propagation 
delay 
18 
32 


I 


40 
48 
ns 
4.5 
Fig.8 
nMR to nQn 


I 


tTHLI 


I 


output 
transition 
time 
7 
15 


I 


19 


1 


22 
I ns 
4.5 
Fig.7 
tTLH 


tw 
I clock pulse width 


I 


19 
11 
I 


24 
29 
I 


ns 
4.5 
Fig. 7 


I 
HIGH or LOW 


tw 
master reset pulse 


1 


16 


1 
6 
I 


20 


1 
24 


I 


ns 
4.5 
Fig. 8 
width; HIGH 


trem 
removal 
time 


1 


5 
0 
5 
5 


1 
4 


. 
5 
Fig. 8 


I 


nMR to nCP 
ns 


fmax 
maximum 
clock 
pulse 
27 
48 
22 
18 
MHz 
4.5 
Fig. 7 
frequency 
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Fig. 7 Waveforms 
showing 
the clock 
(nUl 
to 


output 
(lQn, 
2Qn) 
propagation 
delays, 
the clock 


pulse width, the output transition times and the 
maximum 
clock 
frequency. 


Fig. 8 
Waveforms 
showing 
the master 
reset (nMR) 


pulse width, 
the master 
reset to output 
(Qn) 


propagation 
delays 
and the master 
reset to clock 
(nCP) 
removal 
time. 


Note 
to AC waveforms 


(1) 
HC 
VM = 50%; VI = GND to VCC' 


HCT: 
VM = 1.3V; 
VI =GND 
to:lV. 


74HC/HCT423 


MSI 


FEATURES 


• 
DC triggered from active HIGH or 
active LOW inputs 
• 
Retriggerable for very long puls"s 
up to 100"10 duty factor 
• 
Direct 
reset terminates 
output 
pulse 
• 
Schmitt-trigger 
action on all inputs 
except for the reset input 


• 
Output 
capability: 
standard (except 
for nREXT/CEXT) 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT423 arehigh-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL), They arespecified in 
compliance with JEDEC standardno. 7A. 


The 74HC/HCT423 aredual 
retriggerable 
monostable 
multivibrators 


with output pulse width control by 
two 
methods. 
The 
basic pulse time 
is 
programmed 
by selection 
of an external 


resistor (REXT) and capacitor (CEXT), 
The external 
resistor 
and capacitor 
are 
normally 
connected 
as shown 
in Fig. 6. 


Once triggered, the basicoutput puIse 
width may be extended by retriggering 
the gated active LOW-goingedgeinput 
(nA) or the active HIGH-going edge input 
(nB), By repeating this process,the 
output pulse periode (nQ = HIGH, 
nO = LOW) can be madeas long as 
desired.WhennRD is LOW, it forces the 
nQ output LOW, the nO output HIGH 
and also inhibits the triggering. 


(continued 
on next 
page) 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


propagation delay 
CL = 15 pF 


tPHLI 
nA, nB 
VCC = 5 V 
tpLH 
tonQ, nO 
REXT = 5 kl1 
25 
26 
ns 


nRD to nQ, nO 
CEXT = 0 pF 
20 
22 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


tw 
minimum 
output 
pulse 
notes 1 and 2 
75 
75 
ns 
width nQ, nO 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlW): 


PD = CPD x VCC' x fi + ~(CL x VCC' x fol + 0.75 x CEXT x VCC' 
x fo + 


+ D x 16 i< VCC where: 


fj = 
input 
frequency 
in MHz 
fo = output frequency in MHz 
D = 
duty factor 
in % 


L(CL x VCC' 
x fo) = sum of outputs 


CL 
= output load capacitance in pF 
V CC 
= supply voltage in V 


CEXT = timing capacitance in pF 


2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 
1.5 V 


PACKAGE OUTLINES 
16-lead01L; plastic (50T3821. 
, 6-leadmini-pack; plastic (5016: 50Tl09AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,9 
lA,2A 
trigger inputs (negative-edgetriggered) 
2,10 
1B,2B 
trigger inputs (positive-edgetriggered) 
3,11 
1RD,2RD 
direct reset action (active LOW) 


4,12 
10,20 
outputs (active LOW) 
7 
2REXT/CEXT 
external 
resistor/capacitor 
connection 


8 
GND 
ground (0 VI 
13,5 
lQ,2Q 
outputs (active HIGH) 
14,6 
1CEXT,2CEXT 
external 
capacitor 
connection 
15 
1REXT/CEXT 
external 
resistor/capacitor 
connection 
16 
VCC 
positive supply voltage 


1CeXT 
14 


2CeXT 
6 


1 AeXT/CeXT 
15 


2AeXT/CeXT 
7 


'0 " 
2Q 
5 


2 
'0 
,6 , 


26 " 
] 
1Re 


" 


2RO 
7l9329S 


I(December 
1990 
649 


l 
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74HC/HCT423 


MSI 


INPUTS 
OUTPUTS 


nRO 
nA 
nB 
nQ 
nO 


L 
X 
I 
X 
L 
H 
X 
H 
X 
L' 
H' 


X 
X 
L 
L • 
H' 


H 
L 
t 
...fL 
LJ 


H 
• 
H 
...fL 
LJ 


H 
= HIGH voltage level 
L 
= LOW voltage level 
X 
= don't 
care 


t 
= LOW-to-HIGH transition 


• 
= HIGH-to-LOW transition 


...fL = one HIGH level output pul,;e 
LJ = one LOW level output pulse 


• 
If the monostable 
was triggered 
Jefore 


this condition 
was established, 
the pulse 


will 
continue 
as programmed. 


GENERAL 
DESCRIPTION 
(Cont'd) 


Figures 7 and 8 illustrate 
pulse control 


by reset. The basicoutput pulse width is 
essentially determined by the valuesof 
the external timing components REXT 
and CEXT. 
For pulse widths, when CEXT < 10000 pF, 
see Fig. 9. 
When CEXT > 10000 pF, the typical 
output pulse width is defined as: 


tw = 0.45 x REXT x CEXT (typ.l, 


where, tw 
= pulse width 
in ns; 


REXT = external resistor in kn; 
CEXT = external capacitor in pF. 


Schmitt-trigger action in the nA and nB 
inputs, makes the circuit highly tolerant to 
slower 
input 
rise and fall times. 


The "423" 
is identical to the "123" 
but 


cannot 
be triggered 
via the reset input. 
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74HC/HCT423 


MSI 


Note 
to Fig. 
5 


It is recommended 
to ground 
pins 6 (2CEXT) 
and 14 (lCEXT) 
externally 
to pin 8 (GND). 


7193290 
Vcc 
o A EXT 
F 
l 


74HC/HCT423 
l' 


___ 
M_SI 
__ 
~ 
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Output capability: 
standard (except for nREXT/CEXT) 
ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
-40 
to +851 


UNIT 
VCC 
WAVEFORMS/NOTES 
+25 
-40to+125 
V 


min. 
typo 
max. 
min. 
max.J 
min. 
max. 


tPHL/ 
propagation 
delay 
80 
255 
320 
385 
2.0 
CEXT: 
a pF; 
29 
51 
64 
77 
ns 
4.5 
tPLH 
nA, nB to nO, nQ 
23 
43 
54 
65 
6.0 
REXT: 
5 kn 


tPHL/ 
propagation delay 
66 


I 


215 
270 
325 
2.0 


I 


CEXT : 0 pF; 
24 
43 
54 
65 
ns 
4.5 


tpLH 
n!1D to nQ, nO 
19 
37 
46 
55 
6.0 
REXT:5kn 


tTHL/ 


19 
75 
95 
110 
20 


I 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 


tTLH 
6 
13 
16 
19 
6.0 


I tri~er 
pulse width 
/100 
11 
125 


1 


150 
2.0 


I 


tw 
20 
4 
25 
30 
ns 
4.5 
Fig. 7 
nA: 
LOW 
17 
3 
21 
26 
6.0 


trigger pulse width 
100 
17 
125 
[150 
2.0 


I 


tw 
20 
6 
25 
30 
ns 
4.5 
Fig. 7 
nB: 
HIGH 
17 
5 
21 
26 
6.0 


reset pulse width 
100 
14 
125 
150 


I 
1 


20 
tw 
n!1D = LOW 
20 
5 
25 
30 
ns 
4.5 
Fig. 8 


17 
4 
21 
26 
6.0 


output 
pulse width 


I 
I 


CEXT : 100 nF; 


tw 
nQ: 
HIGH 
450 
- 
- 
jJ.s 
5.0 
REXT: 
10 kn; 


nO: 
LOW 
Figs 7 and 8 


output 
pulse width 


I 


CEXT : a pF; 


tw 
nQ: 
HIGH 
75 
- 
- 
ns 
5.0 
REXT: 
5 kn; 


nO: 
LOW 
note 1; Figs 7 and 8 


retrigger 
time 
44 
5.0 


CEXT : 0 pF; 


trt 
nA, nB 
- 
- 
ns 
REXT: 
5 kn; 


note 2; Fig. 7 


REXT 
external 
timing 
resis'cor 
10 
1000 
kn 
2.0 
Fig. 9 
2 
1000 
- 
- 
5.0 


CEXT 
external 
timing 
capa::::itor 
no limits 
pF 
5.0 
Fig. 9; note 3 
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Output capability: standard (except for nREXT/CEXT) 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(tdCC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


nA, nB 
0.35 
nRD 
0.50 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS/NOTES 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
I pr<pagation ~Iay 


1 
30 
51 
I 


64 
77 
ns 
4.5 
CEXT = 0 pF; 


tpLH 
nA, nB to nQ, nQ 
REXT= 5 kfl 


tPHLI 
propagation delay 


1 
26 
48 
60 
72 


I 


ns 
4.5 
CEXT = 0 pF; 
tpLH 
nRD to nQ, nO 
REXT=5kfl 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
I 


ns 
4.5 


tTLH 


tw 
trigger 
pulse width 
20 
5 
25 
30 
ns 
4.5 
Fig. 7 
nA= 
LOW 
I, 


tw 
trigger 
pulse width 
20 
5 
I 
1 
25 
I 


30 
ns 
4.5 
Fig. 7 
nB = HIGH 


tw 
reset pulse width 
20 


1 
7 
25 
30 
ns 
4.5 
Fig.8 
nRD = LOW 


output pulse width 


1 


50 


CEXT = 100 nF; 


tw 
nQ = HIGH 
450 
- 
- 
/,S 
REXT = 10 kfl; 


nO= LOW 
Figs7 and 8 


output pulse width 


I 


CEXT = 0 pF; 


tw 
nQ = HIGH 
75 
- 
- 
ns 
5.0 
REXT = 5 kfl; 


nO= LOW 
note 1; Figs 7 and 8 


retrigger 
time 
CEXT =OpF; 


trt 
nA, nB 
41 
- 
- 
ns 
5.0 
REXT = 5 kfl; 
note 2; Fig. 7 


REXT 
external 
ti ming resistor 
2 
1000 
- 
- 
kfl 
5.0 
Fig. 9 


CEXT 
external 
timing 
capacitor 
no limits 
pF 
5.0 
Fig 9; note 3 


74HC!HCT423 


MSI 


Notes 
to AC characteristics 


1. For other 
REXT and CEXT combinations 
see Fig. 9. 


If CEXT > 10 pF, the next formula 
is valid: 


tw = K x REXT x CE:n 
(typ.) 


where, 
tw 
= output 
pulse width 
in ns; 
REXT = external 
resistor 
in kP.; CEXT = external 
capacitor 
in pF; 


K 
= constant 
= 0.45 for VCC = 5.0 V and 0.55 for VCC = 2.0 V. 


The inherent 
test jig and pin cap,citance 
at pins 15 and 7 (nREXT/CEXT) 
is approximately 
7 pF. 


2. The time to retrigger the monoslable 
multivibrator 
depends 
on the values of REXT and CEXT 


The output 
pulse width will ani, 
be extended 
when the time between 
the active-going 
edges of the 


trigger 
input 
pulses meets the minimum 
retrigger 
time. 


If CEXT > 10 pF, the next formula 
(at VCC = 5.0 V) for the set-up time of a retrigger pulse is valid: 


trt = 35 + (0.11 x CEXT) + (0.04 x REXT x CEXT) 
(typ.) 


where, 
trt 
= retrigger 
time 
in ns; 


CEXT = external 
capacitor 
in pF; 
REXT 
= external 
resi!Jtor 
in kn. 


The inherent 
test jig and pin capacitance 
at pins 15 and 7 (nREXT/CEXT) 
is approximately 
7 pF. 
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, 
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' 
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: 
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, 
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10 
' 
I 
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I 
I' 
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, 
10 
10' 
10' 
10' 


CeXT 
(pFl 


Fig. 9 Typical 
output 
pulse width 
as a function 
of 


the external 
capacitor 
values at VCC = 5.0 V and 
Tamb = 25 'C. 


nB 
INPUT 
~ 
~ 


I 


I 
0 
-I 'IV 1- 


nO 
OUTPUT JL_-_-_:__ 
_1 
_ 


1- 
'IV --I 
1_-'IV -_I 


I 


0-1 
~- 
o 


Fig. 10 Typical 
'K' factor; 
external 
capacitance 
= 10 nF, 
external 
resistance = 10 krl to 100 krl 
and 


Tamb = 25°C. 


74HC/HCT423 
MSI 


Power-up 
considerations 


When 
the monostable 
is powered-up 
it may produce 
an output 
pulse, with a pulse width defined bV the values of RX and CX, 
this output 
pulse can be eliminated 
using the circuit 
shown 
in 
Fig. 11. 


Power-down considerations 


A large capacitor (CX) may cause problems when powering-down 
the monostable 
due to the energy 
s"tored in this capacitor. 
When 


a system containing 
this device 
is powered·down 
or a rapid 
decreaseof VCC to zero occurs, the monostable may substain 
damage, 
due to the capacitor 
discharging 
through 
the input 
protection 
diodes. 
To avoid this pOisibility, 
use a damping 
diode 


(DX) preferably a germanium or Schottky-type 
diode able to 
withstand 
large current 
surges and (onnect 
as shown 
in Fig. 
12. 


___ 
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• 
3-state inverting outputs for 
bus oriented 
applications 
• 
Common 3-state output 
enable input 
• 
Output 
capabil itv: bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT533 are high-speed 
Si·gate 
CMOS 
devices 
and are pin 
compatible with low power Schottky 
TTL (LSTTL). They arespecified in 
compliance with JEDEC standardno. 7A. 


The 74HC/HCT533 areoctal D-type 
transparent 
latches 
featuring 
separate 


D-type inputs for each latch and 3-state 
outputs 
for bus oriented 
applications. 
A latch enable (LE) input and an output 
enable (OE) input are common to all 
latches. 


The "533" 
consists of eight D-type 
transparent 
latches 
with 
3-state 
inverting 
outputs. When LE is HIGH, data at the 
On inputs 
enter 
the latches. 
In this 
condition 
the latches are transparent, 
i.e. 
a latch 
output 
will 
change state each time 


its corresponding 
D·input 
changes. 


When LEis LOW the latchesstore the 
information 
that 
was present at the 
D-inputs 
a set-up 
time 
preceding 
the 
HIGH-to-LOW transition of LE. 
When 0 E is LOW, the contents of the 
8 latches 
are available 
at the 
outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state_Operation of 
the 0 E input doesnot affect the state of 
the latches. 


The "533" 
is functionally identical to the 
"373", 
"563" and "573", but the "373" 


and "573" 
havenon-inverted outputs and 
the "563" 
and "573" 
havea different pin 


arrangement. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 


I 


CL=15pF 


I 


Dn to Qn 
14 
16 
ns 
tPLH 
LE to Qn 
VCC = 5 V 
18 
19 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power dissipation 
notes 1 and 2 
34 
34 
pF 
capacitance 
per latch 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlWI: 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fol where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa = output frequency in MHz 
VCC = supply voltage in V 


~ ICL x VCC' x fol = sum of outputs 


2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead 
OIL: plastic 
ISOT1461. 


20-lead 
mini-pack; 
plastic 
IS020; 
SOT163A). 


PIN DESCRIPTION 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
DE 
3-state output enable input (active LOWI 
2,5,6,9,12, 
00 to 07 
3·state 
latch 
outputs 
15,16,19 
3,4,7,8,13, 
DOto D7 
data inputs 
14,17,18 
10 
GND 
ground (0 VI 


11 
LE 
latch enable input (active HIGH) 
20 
VCC 
positive supply voltage 


LE 


DO 
00 


0, 
0, 


0, 
a, 


0, 
a, 


13 
0, 
a, 
12 
as 
as 
IS 


17 o. 
A. 
,. 


'8 
a, 
a, 
,. 


OE 


11 


Fig. 2 Logic symbol. 


74HC/HCT533 


MSI l 
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INPUTS 
INTERNAL 
OUTPUTS 


OPERATING 
MODES 


OE 
LE 
Dn 
LATCHES 
00 
to 07 


enable 
and read 
L 
H I~ 


L 
H 


register 
L 
H 
H 
L 


(transparent 
model 


latch 
and read 
L 
L 
I 
L 
H 


register 
L 
L 
h 
H 
L 


latch register and 
H 
X 
X 
X 
Z 


disable outputs 
H 
X 
X 
X 
Z 


H = 
HI G H voltage 
level 


h = 
HIGH 
voltage 
level one set-up 
prior 
to 
the HIGH-to-LOW 
LE transition 


L = 
LOW voltage 
level 


I 
= 
LOW voltage 
level ant 
set-up 
prior 
to 
the HIGH-to-LOW 
LE transition 
X = 
don't 
care 


Z = 
high 
impedance 
OFF-state 


DO 
0, 


Q t 
Q 


LATCH 
2 
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MSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
bus driver 


ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = a V; tr ~ tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 to +125 
V 


min. 
typ.1 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
47 
150 
190 
225 
2.0 
17 
30 
38 
45 
ns 
4.5 
Fig. 7 


tPLH 
On to an 
14 
26 
33 
38 
6.0 


tPHLI 
propagation delay 
58 


1 


175 
220 
265 
2.0 
21 
35 
44 
53 
ns 
4.5 
Fig.8 
tPLH 
LE to On 
17 


130 
37 
45 
6.0 


tpZHI 
3-state output enable time 


I 


1 
44 


1 


150 
190 


I 


225 


I ns 


2.0 


i 16 
30 
38 
45 
4.5 
Fig. 9 


tpZL 
OE to On 
13 
26 
33 
38 
6.0 


tPHzI 
130state o~tput disable time 


1 


50 


1 


150 


1 


190 
225 
2.0 


I Fig. 9 
18 
30 
38 
45 
ns 
4.5 


tPLZ 
OE to Qn 
14 
26 
33 
38 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 


output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 7 


tTLH 
4 
10 
13 
15 
6.0 


80 
14 
100 
120 
2.0 


tw 
LE pulse width 
16 
5 
20 
24 
ns 
4.5 
Fig. 8 
HIGH 
14 
4 
17 
20 
6.0 


50 
3 
65 
75 
I 
2.0 


tsu 
set-up time 
10 
1 
13 
15 


I 


ns 
4.5 
Fig. 10 


On to LE 
9 
1 
11 
13 
6.0 


hold time 
35 
3 
45 
55 
2.0 


th 
On to LE 
7 
1 
9 
11 
ns 
4.5 
Fig. 10 
6 
1 
8 
9 
6.0 
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Output capability: 
bus driver 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent supply current (lIICC) for a unit load of 1 is given in the family specifications. 
To determine 
Li Ice per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 


I 


COEFFICIENT 


On 
0.15 


LE 
0.30 
OE 
0.55 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
Vcc 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
19 
34 
43 
51 
ns 
4.5 


I 


Fig. 7 


tPLH 
On to On 


tPHLI 
I 


propagation 
delay 


I 
1 
22 
38 
48 
57 
I ns 
4.5 
Fig. 8 
tpLH 
LE to On 


tPZHI 
3-state output enable time 


I 
1 
19 
35 
44 
53 
ns 
4.5 
Fig.9 
tPZL 
OE to On 


tpHzI 
3-state output disable time 
18 
30 
38 
45 
I ns 
4.5 
Fig. 9 
tpLZ 
OE to On 


tTHLI 
output 
transition 
t me 
5 
12 
15 
18 
ns 
4.5 
Fig. 7 
tTLH 


tw 
LE pulse width 
16 
5 
20 
24 
ns 
4.5 
Fig.8 
HIGH 


tsu 
set-up time 
10 
3 
13 
15 
ns 
4.5 
Fig. 10 
On to LE 


th 
hold time 
8 
2 
10 
12 
ns 
4.5 
Fig. 10 
Dn to LE 
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Fig. 7 Waveforms 
showing 
the data input 
(On) 
to output 
(On) 
propagation 
delays and the 
output 
transition 
times. 


an 
OUTPUT 


LOW-IO-OFF 


OFF'Io-LOW 


an 
OUTPUT 


HIGH-la-OFf 


OFF-lo-HIGH 
""""J__OUlputs 
enaOled 
d,sabled 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3 V; VI = GND to 3 V. 


Fig. 8 Waveforms 
showing 
the latch enable input 
ILE) pulse width, 
the latch enable input 
to 
output 
IOn) 
propagation 
delays and the output 
transition 
times. 


Fig. 10 Waveforms 
showing 
the data set-up and 


hold times for 
Dn input 
to LE input. 


Note to Fig. 10 


The shaded areas indicate when the input is 
permitted 
to change for predictable 
output 
performance. 
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• 
3-state inverting outputs 
for bus 
oriented 
applications 
• 
8-bit positive, edge-triggered register 
• 
Common 
3-state output 
enable input 
• 
Output 
capability: 
bus driver 
• 
ICC category: 
Msi 


The 74HC/HCT534 are high-speed 
si-gate CMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTLI. They are specified in 
compliancewithJEDECstandard 
no. 7A. 


The 74HC/HCT534 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and inverting 3-state 
outputs for bus oriented applications. 
A clock (CPI and an output enable (OE) 
input are common to all flip-flops. 
The 8 flip-flops will store the state of their 
individual D-inputs that meet the set-up 
and hold times requirements on the 
LOW-to-HIGH CP transition. 
When DE is LOW, the contents of the 
8 flip-flops are available at the outputs. 
When DE is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the DE input does not affect the state of 
the flip-flops. 
The "534" 
is functionally 
identical to the 
"374", 
but hasinverted outputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation delay 
CL=15pF 
12 
13 
ns 
tPLH 
CPto On 
VCC = 5 V 


fmax 
maximum 
clock 
frequency 
61 
40 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
19 
19 
pF 
capacitance per fl ip-flop 


Notes 


1. CPD is used to determine the dynamic power dissipation (PD in IlWI: 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fol where: 
fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fa = output frequency in MHz 
VCC = supply voltage in V 
~ (CL x VCC' x fa) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


20-lead DIL: plastic (SOT1461. 


20-leadmini-peck; plastic IS020: SOT163AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
OE 
3-state output enable input (active LOWI 


2, 5, 6, 9, 12, 
00 to 07 
3-state outputs 
15,16,19 


3,4,7,8,13, 
DOto D7 
data inputs 
14,17,18 


10 
GND 
ground (0 VI 


11 
CP 
clock input (LOW-to-HIGH, edge-triggered) 


20 
VCC 
positive supply voltage 


11 
cp 


DO 
°D 


D, 
Q, 


D, 
Q, 


D3 
Q3 


13 
D, 
Q, 
12 


14 
D, 
Q, 
15 


17 
D, 
Q, 
16 


18 
D, 
Q, 
19 
0' 


7Z87495 


Fig. 2 Logic symbol. 


14HC/HCT534 


MSI 
-----~ l 
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3 00 


4 
0, 


7 0, 


8 
D3 


13 °4 


14 
Os 


17 06 


18 07 


INPUTS 
INTERNAL 
OUTPUTS 
OPERATING 
MODES 
OE CP Dn 
FLIP-FLOPS 
00 to 07 


load and read register 
L 
t 
I 
L 
H 
L 
t 
h 
H 
L 


load register and 
H 
t 
I 
L 
Z 
disable outputs 
H 
t 
h 
H 
Z 


H = HI GH voltage level 
h = HIGH voltage level one set-up time prior to the 


LOW-to-H IGH CP transition 


L = LOW voltage level 
I 
= LOW voltage level one set-up time prior to the 


LOW-to-HIGH 
CP transition 


74HC/HCT534 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND ~ 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH L/ 
propagation delay 
41 
165 
205 
250 
2.0 
15 
33 
41 
50 
ns 
4.5 
Fig. 6 
tpLH 
CP to On 
12 
28 
35 
43 
6.0 


tp7.H/ 
3-state outpu t enable 
33 
150 
190 
225 
2.0 
time 
12 
30 
38 
45 
ns 
4.5 
Fig. 7 
tpZL 
OE to On 
10 
26 
33 
38 
6.0 


tPHZ/ 
3-state output disable 
41 
150 
190 
225 
2.0 
time 
15 
30 
38 
45 
ns 
4.5 
Fig. 7 
tpLZ 
OE to On 
12 
26 
33 
38 
6.0 


tTHL/ 
14 
60 
75 
90 
2.0 


output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
4 
10 
13 
15 
6.0 


clock pulse width 
80 
19 
100 
120 
2.0 
tw 
16 
7 
20 
24 
ns 
4.5 
Fig.6 
HIGH or LOW 
14 
6 
17 
20 
6.0 


set-up time 
60 
6 
75 
90 
2.0 
tsu 
12 
2 
15 
18 
ns 
4.5 
Fig. 8 
On to CP 
10 
2 
13 
15 
6.0 


5 
-3 
5 
5 
2.0 
th 
hold time 
5 
-1 
5 
5 
4.5 
Fig. 8 
On to CP 
ns 
5 
-1 
5 
5 
6.0 


maximum 
clock 
pulse 
6.0 
18 
4.8 
4.0 
2.0 
fmax 
frequency 
30 
55 
24 
20 
MHz 
4.5 
Fig. 6 
35 
66 
28 
24 
6.0 


PC74HC/HCT534 


MSI l 
- 


For the DC characteristics seechapter "HCMOS family characteristics", section "Family specifications". 


Output capability: bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional quiescen': supply current 161cci for a unit load of 1 is given in the family specifications. 
To determine 61CC per input, mJltiply 
this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE 
1.25 
CP 
0.90 
Dn 
0.35 


AC CHARACTERISTICS 
FOH 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = EO pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH LI 
propagation delay 
16 
30 
38 
45 
ns 
4.5 
Fig.6 
tPLH 
CPto On 


tPZHI 
3·state output enat Ie 


time 
16 
30 
38 
45 
ns 
4.5 
Fig. 7 


tpZL 
OE to On 


tpHzl 
3·state output disable 
time 
18 
30 
38 
45 
ns 
4.5 
Fig.7 
tPLZ 
OE to On 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
lTLH 


tw 
clock pulse width 
23 
14 
29 
35 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tsu 
set-up time 
12 
4 
15 
18 
ns 
4.5 
Fig. 8 
Dn to CP 


th 
hold time 
5 
-1 
5 
5 
4.5 
Fig. 8 
Dn to CP 
ns 


fmax 
maximum 
clock 
pu se 
22 
36 
18 
15 
MHz 
4.5 
Fig. 6 
frequency 


74HC/HCT534 


MSI 


Fig. 6 Waveforms showing the clock (CP) to 
output (an) propagation delays, the clock pulse 
width, 
output 
transition 
times 
and 
the 
maximum 


clock pulse frequency. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


On OUTPUT 
LOW· 
to· OFF 
OFF - to -lOW 


On OUTPUT 
HIGH - to - OFF 
OFF· 
to - HIGH 


outputs 
I 
oulputs 
enabled----disabled 
--- 


Fig. 8 Waveforms showing the data set-up and 
hold times for On input. 


Note to Fig. 8 


The shadedareasindicate when the input is 
permitted to change for predictable output 
performance. 


___ 
-J 


74HC/HCT540 


MSI 


• 
Inverting 
outputs 
• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT540 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL (LSTTLI. 
They are specified 
in 
compliance 
with JEDEC standard 
no. 7A. 


The 74HC/HCT540 
are octal inverting 
buffer/line 
drivers with 3-state 
outputs. 


The 3-state 
outputs 
are controlled 
by the 
output 
enable 
inputs iJE1 and OE2. 
A HIGH on OEn causes the outputs 
to 
assume a high impedance 
OFF-state. 


The "540" 
is identical 
to the "541" 
but 


has inverting 
outputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tpHL/ 
propagation 
delay 
CL = 15 pF 
9 
11 
ns 


tpLH 
An to Yn 
VCC = 5 V 


C\ 
input 
capacitance 
3.5 
3.5 
pF 


CpD 


power 
dissipation 
notes 
1 and 2 
39 
44 
pF 
capacitance 
per 
buffer 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in J.LW): 


PD = CPD x VCC' 
x fi + ~ ICL x VCC' 
x fol where: 


fi 
= 
input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 
~ ICL X VCC' 
x fo) = sum of outputs 


2. 
For HC 
the condition 
is VI = GND to VCC 


For HCT the condition 
is VI = GND to VCC 
- 
1.5 V 


PACKAGE 
OUTLINES 


20-lead 01 L: plastic ISOT146J. 
20-lead mini-pack; plastic IS020; SOT163AJ. 


PIN NO. 
SYMBOL 
NAME ANO FUNCTION 


1,19 
DEl, 
OE2 
output 
enable 
input 
(active 
LOW) 


2,3,4,5, 
AO to A7 
data inputs 
6,7,8,9 


10 
GND 
ground 
(0 V) 


18,17,16,15, 
'i'Oto'i'7 
bus outputs 
14,13,12,11 


20 
VCC 
positive 
supply 
voltage 


'I( O",mb,,'990 
669 


74HC/HCT540 


MSI 


, AO 


3 
AI 
, A, 
I. 


S 
A3 


• 
A, 
14 


7 
AS 


S 
AS 
, A7 


APdl1987! 
( 


l 
_ 


INPUTS 
OUTPUT 


OE, 
OE2 
An 
Yn 


L 
L 
L 
H 
L 
L 
H 
L 
X 
H 
X 
Z 
H 
X 
X 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 


74HC/HCT540 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONOITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLf 
propagation delay 
30 
100 
125 
150 
2.0 


tpLH 
An to Yn 


11 
20 
25 
30 
ns 
4.5 
Fig.6 
9 
17 
21 
26 
6.0 


tpZHf 
3-state output enable time 
52 
160 
200 
240 
2.0 


tpZL 
OEn to Yn 
19 
32 
40 
48 
ns 
4.5 
Fig.7 
15 
27 
34 
41 
6.0 


tpHzf 
3-state output 
disable time 
61 
160 
200 
240 
2.0 
22 
32 
40 
48 
ns 
4.5 
Fig.7 
tpLZ 
OEn to Yn 
18 
27 
34 
41 
6.0 


tTHLf 


14 
60 
75 
90 
2.0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 
4 
10 
13 
15 
6.0 


'1(APe;, 
1987 


74HC/HCT540 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics see"hapter "HCMOS family characteristics", section "Family specifications". 


Output capability: bus driver 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent supply current ("ICC) for a unit load of 1 is given in the family specifications. 
To determine "ICC per input, llultiply 
this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE1 
1.50 
OE2 
1.00 


An 
1.40 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V ;tr = tf = 6 ns; CL ~.50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH L/ 
propagation 
dela" 
13 
24 
30 
36 
ns 
4.5 
Fig. 6 
tPLH 
An to Yn 


tpZH/ 
3-state output enable time 
22 
35 
44 
53 
ns 
4.5 
Fig. 7 


tPZL 
OEnto Yn 


tPHZ/ 
3-state output di~able time 
23 
35 
44 
53 
ns 
4.5 
Fig. 7 
tPLZ 
OEn to Yn 


tTH L/ 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 


APCil1··]1( 


_____ 
o_c_ta_l_b_U_f_f_e_r/_'_in_e_d_r_i_ve_r_;_3_-s_t_a._te_;_i_n_v_e_rt_in_ 


9 
J 


74HC/HCT540 


MSI 


::~-EL~ 


lZ9616J 
'THJ~ 
:fL'TLH 


-" 
9n 
OEn 
VMlll 
INPUT 


10% 


OUTPUT 


LOW-la·OFF 
OFF-lo-lOW 


OUTPUT 


HIGH-IO-OFF 


OFF-Io-HIGH 
I 


VMlll 


outputs 
outputs 
outputs 
enabled 
disabled 
enabled 


Fig.6 
Waveformsshowing the input (An) to output (V n) 
propagation 
delays and the output 
transition 
times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC· 


HCT: VM = 1.3 V; VI = GND to:3 V. 


'I( Apen 
1987 
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74HC/HCT541 


MSI 


• 
Non-inverting 
outputs 
• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT541 
are high·speed 


Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL (LSTTL). 
They are specified 
in 
compliance 
with J EOEC standard 
no. 7A. 


The 74HC/HCT54 
1 are octal non- 


inverting 
buffer/line 
drivers with 3-state 
outputs. 
The 3-state 
outputs 
are 
controlled 
by the output 
enable 
inputs 
DEl 
and 0E2. 


A HIGH on eYEn causes the outputs 
to 
assume a high impedance 
OFF-state. 


The "541" 
is identical 
to the "540" 
but 


has non-inverting 
outputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tpHll 
propagation 
delay 
CL = 15 pF 
10 
12 
ns 


tpLH 
An to Yn 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 


power 
dissipation 
notes 1 and 2 
37 
39 
pF 
capacitance 
per 
buffer 


Notes 


1. CPD is used to determine 
the dynamic 
pOWErdissipation 
(PO in IlW): 


PD = CPD x VCC' 
x fi + ~ (CL X VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply voltage 
in V 
~ (Cl 
X VCC' 
x fol = sum of outputs 


2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20·lead DI l; plastic (SOTt46). 
20-lead mini-pack; plastic (S020; 
SOT163A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,19 
DEl, 
DE2 
output 
enable 
input 
(active LOW) 


2,3,4,5, 
AD to A7 
data inputs 
6,7,8,9 


10 
GND 
ground 
(0 VI 
la, 17, 16, 15, 
Yo to Y7 
bus outputs 
14,13,12,11 


20 
VCC 
positive supply voltage 


~!!_~ 
__:_0_ 


2~18 


3 ", 
Yl 
17 


'V 
18 


17 


16 


15 


14 


13 


12 


11 


7Z96167 


"I( Doc,mb" 1990 
675 


INPUTS 
OUTPUT 


OE, 
OE2 
An 
Yn 


L 
L 
L 
L 
L 
L 
H 
H 


X 
H 
X 
Z 


H 
X 
X 
Z 


, AD 
18 


3 
A, 
, A, 
,. 


5 
A3 
'5 


• 
A, 
14 
, AS 
13 


8 
A. 
12 


9 
A, 


H ~ HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 


APd119871 
( 


____ 
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74HC/HCT541 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation delay 
33 
115 
145 
175 
2.0 


12 
23 
29 
35 
ns 
4.5 
Fig.6 
tpLH 
An to Yn 
10 
20 
25 
30 
6.0 


tpZH/ 
3·state output enable time 
55 
160 
200 
240 
2.0 


tpZL 
OEn to Yn 
20 
32 
40 
48 
ns 
4.5 
Fig. 7 
16 
27 
34 
41 
6.0 


tpHZ/ 
3·state output 
disable time 
61 
160 
200 
240 
2.0 


tPLZ 
OEntoYn 
22 
32 
40 
48 
ns 
4.5 
Fig.7 
18 
27 
34 
41 
6.0 


tTHL/ 
14 
60 
75 
90 
2.0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 
4 
10 
13 
15 
6.0 


'I( Apd' 1987 


74HC/HCT541 


MSI l 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapter "HCMOS family characteristics", section "Family specifications". 


Output capability: bus driver 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent supply current IL'>ICC)for a unit load of 1 is given in the family specifications. 
To determine L'>ICCper input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE1 
1.50 
OE2 
1.00 
An 
0.70 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH LI 
propagation delay 
15 
28 
35 
42 
ns 
4.5 
Fig. 6 
tpLH 
An to Yn 


tpZHI 
3-state output enable time 
21 
35 
44 
53 
ns 
4.5 
Fig. 7 


tpZL 
OEntoYn 


tpHzl 
3·state output disable time 
21 
35 
44 
53 
ns 
4.5 
Fig.7 


tpLZ 
OEn to Yn 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 


tTLH 


A.6119B'] ( 


74HC/HCT541 


MSI 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC. 
HCT: VM = 1.3V; VI = GND to 3V. 


OUTPUT 


LOW-Io-OFF 
OFF-Io-LOW 


OUTPUT 


HIGH-ta-OFF 


OFF-la-HIGH 


I 


VMlll 


oulpuU 
OUIPUU 
outputs 


enabled 
disabled 
enabled 


_---J 


74HC/HCT563 


MSI 


• 
3-state 
inverting 
outputs 
for bus 
oriented 
applications 
• 
Inputs 
and outputs 
on opposite 
sides 
of package 
allowing 
easy 
interface 
with 
microprocessor 
• 
Common 
3-state 
output 
enable 
input 


• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 
The 74HC/HCT563 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL (LSTTL!. 
They are specified 
in 
compliance 
with JEOEC standard 
no. 7A. 


The 74HC/HCT563 
are octal 
Ootype 
transparent latches featuring separate 
Ootype inputs 
for each latch and inverting 
3-state 
outputs 
for bus oriented 
applications. 
A latch enable 
(LE) input and an output 
enable 
(OE) input are common 
to all 


latches. 


The "563" 
is functionally 
identical 
to 
the "573", 
but has inverted 
outputs. 


The "563" 
consists 
of eight Ootype 
transparent 
latches with 3~state inverting 
outputs. 
The LE and OE are common 
to 
all latches. 
When LE is HIGH, data at the On inputs 
enter 
the latches. 
In this condition 
the 


latches 
are transparent, 
i.e. a latch output 
will change state each time its 
corresponding 
D-input 
changes. 


When LE is LOW the latches store the 
information 
that 
was present 
at the 
O-inputs 
a set-up time preceding 
the 


HIGH-to-LOW 
transition 
of LE. 


When OE is LOW, the contents 
of the 
8 latches are avai lable at the outputs. 
When OE is HIGH, the outputs 
go to the 
high impedance 
OFF-state. 
Operation 
of the OE input does not affect 
the state 
of the latches. 


TYPICAL 
SYMBOL 
PARAMETER 
CONOITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation 
delay 
CL = 15 pF 
14 
16 
ns 
tPLH 
On, LE to On 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 
1 and 2 
19 
19 
pF 
capacitance 
per latch 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in IlW): 


Po = CPO x VCC' 
x fi +); ICL x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply voltage 
in V 
~ ICL x VCC' 
x fo! = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead OIL; plastic ISOT146J. 
20-lead mini-pack; plastic IS020; 
SOT163AI. 


PIN NO_ 
SYMBOL 
NAME AND FUNCTION 


2,3,4,5,6, 
00 to 07 
data 
inputs 
7,8,9 


11 
LE 
latch enable 
input 
lactive HIGH) 


1 
OE 
3-state 
output 
enable input 
(active LOW) 


10 
GNO 
ground 
(0 V! 


19,18,17,16, 
00 to 07 
3-state 
latch outputs 
15,14,13,12 


20 
VCC 
positive supply 
voltage 


11 
L' 
°0 
19 
0, 
'8 
0, 
17 
0, 
16 


°4 
15 


°s 
'4 
0, 
13 
0, 
12 
0' 


7Z87865 


Fig.2 
Logic symbol. 
Fig.3 
IEC logic symbol. 


74HC/HCT563 


MSI l__-- 


INPUTS 
INTERNAL 
OUTPUTS 
OPERATING MODES 
LATCHES 
OE 
LE 
Dn 
0oto 
07 


enable 
and read 
L 
H 
L 
L 
H 


register 
L 
H 
H 
H 
L 


latch and read 
L 
L 
I 
L 
H 


register 
L 
L 
h 
H 
L 


latch register and 
H 
L 
I 
L 
Z 


disable outputs 
H 
L 
h 
H 
Z 


H = HIGH voltage level 
h = HIGH voltage level one set-up time 


prior to the HIGH-to-LOW LE 
transition 
L = LOW voltage level 
I 
= LOW voltage level one set-up time 


prior to the HIGH-to-LOW LE 
transition 
Z = high impedance OFF-state 
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DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
bus driver 


ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH L/ 
propagation delay 
47 
145 
180 
220 
2.0 
17 
29 
36 
44 
ns 
4.5 
Fig.6 
tPLH 
Dn to On 
14 
25 
31 
38 
6.0 


tPHL/ 
propagation delay 
47 
145 
180 
220 
2.0 
17 
29 
36 
44 
ns 
4.5 
Fig. 7 
tPLH 
LE to Qn 
14 
25 
31 
38 
6.0 


tpZH/ 
3-state output 
enable time 
47 
150 
190 
225 
2.0 


OE to On 
17 
30 
38 
45 
ns 
4.5 
Fig. 8 
tPZL 
14 
26 
33 
38 
6.0 


tpHZ/ 
3-state output disable time 
50 
150 
190 
225 
2.0 
18 
30 
38 
45 
ns 
4.5 
Fig.8 
tpLZ 
OE to On 
14 
26 
33 
38 
6.0 


tTHL/ 
14 
60 
75 
90 
2.0 


output 
transi tion 
ti me 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
4 
10 
13 
15 
6.0 


enable pulse width 
80 
14 
100 
120 
2.0 


tw 
16 
5 
20 
24 
ns 
4.5 
Fig.7 
HIGH 
14 
4 
17 
20 
6.0 


set-up time 
50 
11 
65 
75 
2.0 


Isu 
10 
4 
13 
15 
ns 
4.5 
Fig. 9 
Dn to LE 
9 
3 
11 
13 
6.0 


hold time 
4 
-6 
4 
4 
2.0 


th 
Dn to LE 
4 
-2 
4 
4 
ns 
4.5 
Fig. 9 
4 
-2 
4 
4 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapt(!r 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
bus driver 


ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (/lICCI for a unit load of 1 is given in the family specifications. 
To determine /lIce per input, multioly 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


On 
0.35 
LE 
0.65 
DE 
1.25 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 JF 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
18 
30 
38 
45 
ns 
4.5 
Fig. 6 
tpLH 
On to an 


tpHLI 
propagation delay 
19 
35 
44 
53 
ns 
4.5 
Fig. 7 
tPLH 
LE to Gn 


tPZHI 
3-state output enabl, time 
20 
35 
44 
53 
ns 
4.5 
Fig. 8 


tpZL 
OE to Gn 


tpHzl 
3-state output disabl3 time 
22 
35 
44 
53 
ns 
4.5 
Fig. 8 
tPLZ 
OE to Gn 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 


tTLH 


tw 
enable pulse width 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 


HIGH 


lsu 
set-up time 
10 
3 
13 
15 
ns 
4.5 
Fig.9 


On to LE 


th 
hold time 
5 
-1 
5 
5 
ns 
4.5 
Fig. 9 
On to LE 
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Fig. 6 Wav~orms 
showing 
the data input (Dn) 
to output 
(On) propagation 
delays and the 
output 
transition times. 


Fig. 7 Waveforms 
showing 
the latch enable input 


(LE) pul~ 
width, 
the latch enable 
input to 
output 
(On) propagation 
delays and the output 
transition 
times. 


an 
OUTPUT 


LOW'la-OFF 


OFF-Io-LOW 


'PHZ_~ 


90" 


M~H J__ 
OUlputs 


enabled 
disabled 


Fig. 9 Waveforms 
showing 
the data set-up and 


hold times for Dn input to LE input 


~ 
OUTPUT 


HIGH-Io-OFF 


OFF-to-HIGH 


Note to Fig. 9 


The shaded areas indicate 
when the input is 


permitted 
to change for predictable 
output 
performance. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V_ 
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74HC/HCT564 


MSI 


• 
3-state 
inverting 
outputs 
for 
bus oriented 
applications 
• 
8-bit 
positive-edge 
triggered 
register 
• 
Common 
3-state 
output 
enable 
input 
• 
Independent 
register 
and 3-state 
buffer 
operation 
• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT564 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL (LSTTL). 
They are specified 
in 
compliancewithJEOEC 
standard 
no. 7A. 


The 74HC/HCT564 
are octal Ootype 
flip-flops 
featuring 
separate 
Ootype inputs 
for each flip-flop 
and inverting 
3-state 
outputs 
for bus oriented 
applications. 
A clock (CP) and an output 
enable 
(OE) 
input are common 
to all flip-flops. 


The 8 flip-flops 
will store the state of 
their 
individual 
O-inputs 
that 
meet the 
set-up 
and hold 
times 
requirements 
on the 
LOW-to-HIGH 
CP transition. 
When OE is LOW, the contents 
of the 
8 flip-!!Qps are available at the outputs. 
When OE is HIGH, the outputs 
go to the 
high impedance 
OFF-state. 
Operation 
of 
the OE input does not affect the state of 
the flip-flops. 


The "564" 
is functionally 
identical 
to 
the "574", 
but has inverting 
outputs. 
The "564" 
is functionally 
identical 
to 
the "534", 
but has a different 
pinning. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHL/ 
propagation 
delay 
15 
16 
ns 


tPLH 
CP to On 
CL = 15 pF 
VCC = 5 V 
fmax 
maximum 
clock 
frequency 
127 
62 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 
1 and 2 
27 
27 
pF 
capacitance 
per flip-flop 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in IlW): 


PD = CPO x VCC' 
x fi + ~ (CL x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 
~ (CL X VCC' 
x fol = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI = GNO to VCC -1.5 
V 


PACKAGE 
OUTLINES 


20-lead DI L: plastic (SOT1461. 
20-lead mini-pack: plastic (S020: SOT163Al. 


PIN NO_ 
SYMBOL 
NAME AND FUNCTION 


1 
OE 
3-state 
output 
enable 
input 
(active LOW) 


2,3,4,5, 
DO to 07 
data inputs 
6,7,8, 
g 


10 
GND 
ground 
(0 V) 


11 
CP 
clock input 
(LOW-to-HIGH. 
edge-triggered) 


19.18,17.16. 
00 to 07 
3-state 
flip-flop 
outputs 
15.14,13.12 


20 
VCC 
positive supply voltage 


vcc 
11 


aD 
DO 
,. 


0, 
I. 


0, 
17 


a3 
03 
I. 


a, 
0, 
15 


as 
Os 
14 


a, 
D. 
0, 
13 


0, 
0, 
0, 
12 
DE 


GND 
? 
1 
7Z93183 
7ZU1,. 


Fig. 1 
Pin configuration. 
Fig. 2 
Logic symbol. 
Fig. 3 
IEC logic symbol. 
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, 
DO 
,. 


J 0, 
" 
, 
0, 
17 


, 
OJ 
,. 


FFl 
to FFS 
3-STATE 
• 0, 
OUTPUTS 
15 


] 
0, 


B 
D. 
13 


9 0] 


11 
CP 


, DE 


INPUTS 
INTERNAL 
OUTPUTS 
OPERATING 
MODES 
FLIP-FLOPS 
OE 
CP 
On 
00 to 07 


load and read 
L 
t 
I 
L 
H 
register 
L 
t 
h 
H 
L 


load register and 
H 
t 
I 
L 
Z 
disable outputs 
H 
t 
h 
H 
Z 


H ~ HIGH voltage level 
h = HIGH voltaqe level one set-up time prior to the LOW-to-HIGH 
CP transition 


L = LOW voltage level 
I 
= LOW voltage level one set-up time prior to the LOW-to-H IGH CP transition 


Z = high impedance OFF-state 
t = LOW-to-HIGH 
clock transition 
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Output capability: 
bus driver 
ICC category: MSI 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
--40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
50 
165 
205 
250 
2.0 
18 
33 
41 
50 
ns 
4.5 
Fig.6 
tPLH 
CP to an 
14 
28 
35 
43 
6.0 


tPzHI 
3-state output enable time 
44 
140 
175 
210 
2.0 
16 
28 
35 
42 
ns 
4.5 
Fig. 8 
tPZL 
DE to On 
13 
24 
30 
36 
6.0 


tPHzI 
3-state output disable time 
50 
135 
170 
205 
2.0 
18 
27 
34 
41 
ns 
4.5 
Fig.8 
tpLZ 
OE to 5n 
14 
23 
29 
35 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 


output transition time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 


tTLH 
4 
10 
13 
15 
6.0 


clock pulse width 
80 
14 
100 
120 
2.0 


tw 
HIGH or LOW 
16 
5 
20 
24 
ns 
4.5 
Fig. 6 


14 
4 
17 
20 
6.0 


set-up time 
60 
6 
75 
90 
2.0 


tsu 
Dn to CP 
12 
2 
15 
18 
ns 
4.5 
Fig. 7 


10 
2 
13 
15 
6.0 


hold time 
5 
0 
5 
5 
2.0 


th 
Dn to CP 
5 
0 
5 
5 
ns 
4.5 
Fig. 7 
5 
0 
5 
5 
6.0 


maximum 
clock 
pulse 
6.0 
38 
4.8 
4.0 
2.0 


fmax 
frequency 
30 
115 
24 
20 
MHz 
4.5 
Fig. 6 
35 
137 
28 
24 
6.0 
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Output capability: bus driver 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent supply current (,,;,ICC)for a unit load of 1 is given in the family specifications. 
To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE 
0.80 
DOto D7 
0.25 
CP 
1.00 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPH L/ 
propagation delay 
19 
35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
CPto On 


tpZH/ 
3-5tate 
output 
enable 
t me 


I 


19 
35 
44 
53 
ns 
4.5 
Fig. 8 
tPZL 
OE to On 


tpHZ/ 
3-state output disable time 
19 
30 
38 
45 
ns 
4.5 
Fig. 8 
tPLZ 
OE to On 


tTHL/ 
output 
transition 
time 
12 
15 
18 
4.5 
Fig. 6 
tTLH 
5 
ns 


tw 
clock pulse width 
18 
8 
23 
27 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tsu 
set-up time 
12 
3 
15 
18 
ns 
4.5 
Fig. 7 
Dn to CP 


th 
hold time 
3 
-2 
3 
3 
4.5 
Fig. 7 
On to CP 


ns 


fmax 
maximum 
clock 
pulse 
27 
56 
22 
18 
MHz 
4.5 
Fig.6 
frequency 
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Fig. 6 Waveforms 
showing 
the clock (CP) to output 
(On1 
propagation 
delays, the clock pulse width, the output 


transition 
times 
and the 
maximum 
clock 
pulse frequency. 


Fig. 7 Waveforms 
showing 
the data set-up and hold times 


for the data input 
(Dn). 


Note to Fig. 7 


The shaded areas indicate when the input is permitted to 
change for predictable 
output 
performance. 


90% 


bE 
INPUT 
VMI11 


10% 


OUTPUT 


LOW·to-OFF 


OFF-lO-LOW 


OUTPUT 


HIGH·to-OFF 
OFF-lO·HIGH 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 
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• 
Inputs 
and outputs 
on opposite 
sides 
of package 
allowi ng easy 
interface 
with 
microprocessors 
• 
Useful 
as input 
or output 
port 
for 
micro processo 
rs/ mi croeo m puters 
• 
3-state 
non-inverting 
outputs 
for 
bus oriented 
applications 
• 
Common 
3-state 
output 
enable 
input 
• 
Functionally 
identical 
to the "5fi3" 
and "373" 


• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT573 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL (LSTTL). 
They are specified 
in 
compliance 
with JEOEC standard 
no. 7A. 


The 74HC/HCT573 
are octal Ootype 
transparent 
latches featuring 
separate 
Ootype inputs for each latch and 3-state 
outputs for bus oriented applications. 
A latch enable (LE) input and an output 
enable 
(OE) input are common 
to 
all latches. 


The "573" 
consists of eight Ootype 
transparent 
latches with 3-state 
true 
outputs. 
When LE is HIGH, data at the 
On inputs enter the latches. 
In this 
condition 
the latches are transparent, 
i.e. a latch output 
will change state each 
time its corresponding 
D-input 
changes. 


When LE is LOW the latches store the 
information 
that was present 
at the 
D-inputs 
a set-up time preceding 
the 
HIGH-to-LOW 
transition 
of LE. 


When OE is LOW, the contents 
of the 
8 latches are available at the outputs. 
When OE is HIGH, the outputs 
go to the 
high impedance 
OFF-state. 
Operation 
of 
the OE input does not affect 
the state 
of the latches. 
(continued on next page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPH L/ 
propagation 
delay 
CL = 15 pF 
On to On 
14 
17 
ns 
tPLH 
LE to On 
VCC = 5 V 
15 
15 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CPO 
power dissipation 
notes 
1 and 2 
26 
26 
pF 
capacitance 
per latch 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in /oM): 


Po = CPO X VCC' 
x fi + L (CL X VCC' 
x fa) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa 
= output 
frequency 
in MHz 
VCC 
= supply voltage 
in V 
L (CL X VCC' 
x fol = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


2,3,4,5,6, 
DO to 07 
data inputs 
7,8,9 


11 
LE 
latch enable input 
(active HIGH) 


1 
OE 
3-state output 
enable 
input 
(active 
LOW) 


10 
GNO 
ground 
(0 V) 


19,18,17,16. 
00 to 07 
3-state 
latch outputs 
15,14,13,12 


20 
VCC 
positive supply voltage 


11 


LE 
19 


DO 
00 
19 
18 


0, 
0, 
18 


0, 
a, 
17 
17 


03 
03 
16 
16 


0, 
a, 
15 
15 
05 
05 
14 


D. 
a. 
13 
14 


0, 
a, 
12 
13 


DE 


12 


1 
7Z87875 


7287874 


Fig. 2 
Logic symbol. 
Fig.3 
IEC logic symbol. 
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The "573" 
is functionally 
identical to 


the "563" 
and "373", 
but the "563" 
has 
inverted outputs and the "373" 
hasa 


different pin arrangement. 


INPUTS 
INTERNAL 
OUTPUTS 


OPERATING MODES 
OE 
LE 
Dn 
LATCHES 
QO to Q7 


enable and read 
L 
H 
I. 
L 
L 


register 
L 
H 
H 
H 
H 


(transparent mode) 


latch and read 
L 
L 
I 
L 
L 


register 
L 
L 
h 
H 
H 


latch 
register and 
H 
L 
I 
L 
Z 


disable outputs 
H 
L 
h 
H 
Z 


H = HIGH voltage level 
h = HIGH voltage level one set-up time 
prior to the HIGH·to-LOW LE 
transition 


L = LOW voltage level 
I 
LOW voltage level one set-up time 
prior to the HIGH-to·LOW LE 
transition 


DD 
D, 
D, 
D3 
D, 
Ds 
D6 
D, 


~7D 


LATCH 
LATCH 
LATCH 
LATCH 
LATCH 
, 
, 
3 
, 
5 


____ 
O_ct_a_1 D_-t_y_p_e_t_ra_n_s_p_a_re_n_t_l_at_c_h_; 
_3__st_a_t_e 
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Output capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND =0 V;tr=tf= 
6 ns;CL =50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 


47 
150 
190 
225 
2.0 
propagation delay 
17 
30 
38 
45 
ns 
4.5 
Fig.6 


tPLH 
Dn to Qn 
14 
26 
33 
38 
6.0 


tPHLI 
propagation delay 
50 
150 
190 
225 
2.0 


tPLH 
LE to Qn 
18 
30 
38 
45 
ns 
4.5 
Fig. 7 


14 
26 
33 
38 
6.0 


tPZHI 
3-state output enable time 
44 
140 
175 
210 
2.0 


tPZL 
Ot' to Qn 
16 
28 
35 
42 
ns 
4.5 
Fig.8 


13 
24 
30 
36 
6.0 


tpHzl 
3-state output disable time 
55 
150 
190 
225 
2.0 
20 
30 
38 
45 
ns 
4.5 
Fig.8 
tPLZ 
OE to Qn 
16 
26 
33 
38 
6.0 


lTH LI 


14 
60 
75 
90 
2.0 


output transition time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 


tTLH 
4 
10 
13 
15 
6.0 


enable pulse width 
80 
14 
100 
120 
2.0 
tw 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 


HIGH 
14 
4 
17 
20 
6.0 


set-up time 
50 
11 
65 
75 
2.0 
tsu 
10 
4 
13 
15 
ns 
4.5 
Fig.9 


Dn to LE 
9 
3 
11 
13 
6.0 


hold time 
5 
3 
5 
5 
2.0 


th 
Dn to LE 
5 
1 
5 
5 
ns 
4.5 
Fig. 9 


5 
1 
5 
5 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (t> ICCl for a unit load of 1 is given in the family specifications. 
To determine t>ICCper input, multioly this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Dn 
0.35 


LE 
0.65 
~ 
1.25 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (C) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
20 
35 
44 
53 
ns 
4.5 
Fig.6 


tPLH 
Dn to Qn 


tpHLI 
propagation delay 
18 
35 
44 
53 
ns 
4.5 
Fig. 7 
tpLH 
LE to Qn 


tpZHI 
3-state output enable time 
17 
30 
38 
45 
ns 
4.5 
Fig. 8 


tpZL 
err to Qn 


tPHzl 
3-state output disable ':ime 
18 
30 
38 
45 
ns 
4.5 
Fig_8 
tPLZ 
O"Eto Qn 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 


tTLH 


tw 
enable pulse width 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 
HIGH 


!SU 
set·up time 
13 
7 
16 
20 
ns 
4.5 
Fig. 9 
Dn to LE 


th 
hold time 
9 
4 
11 
14 
ns 
4.5 
Fig.9 
Dn to LE 
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74HC!HCT573 


MSI 


'.'""'-t"-~ Locl- 


an OUTPUT 
v,..,lll 


----- 


tTLH - 
-- 
tTHL 
-- 


Fig. 6 Waveforms showing the clata input (On) 
to output (Qn1 propagation delaysand the 
output transition times. 


Fig. 7 Waveforms showing the latch enable input 
(LE) pulse width, the latch enable input to 
output (Qn) propagation delays and the output 
transition 
times. 


an OUTPUT 


LOW-la-OFF 
OFF-lO-LOW 


an 
OUTPUT 


HIGH-Io-OFF 


OFF-lO-HIGH 


Fig. 9 Waveforms showing the data set-up and 
hold times for On input to LE input. 


~.~UJ__ 
outpuu 
enabled 
disabled 
Note to Fig. 9 


The shaded areas indicate when the input is 
permitted to changefor predictable output 
performance. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GNO to VCC' 
HCT: VM = 1.3 V; VI = GNO to 3 V. 


____ 
J 


74HC/HCT574 


MSI 


Vcc 
11 


00 
C, 
00 
00 
" 
0, 
0, 
0, 
I. 
,. 


0, 
0, 
0, 
17 
I. 


0, 
0, 
0, 
16 
17 


0, 
0, 
0, 
15 
16 


Os 
Os 
Os 
14 


15 


D. 
D. 
D. 
13 


13 


0, 
0, 
0, 
12 


12 
0' 


ONO 
lZ93865 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig.3 
IEC logic symbol. 


• 
3-state non-inverting 
outputs for 
bus oriented applications 
• 
B-bit positive edge-triggered 
register 


• 
Common 3-state output 
enable 
input 


• 
Independent register and 3-state 
buffer operation 
• 
Output capability: 
bus driver 
• 
ICC category: MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT574 are high-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliancewithJEDEC standardno. 7A. 
The 74HC/HCT574 are octal D-type 
flip-flops featuring separateD-type inputs 
for eachflip-flop and non-inverting 3-state 
outputs for busoriented applications. 
A clock (CP)and an output enable (OE) 
input are common to all flip-flops. 


The 8 flip-flops will store the state of 
their individual D-inputs that meet the 
set·up and hold time 
requirements 
on the 


LOW-to-HIGH CPtransition. 
When OE is LOW, the contents of the 
8 flip-flops are availableat the outputs. 
When OE is HIGH, the outputs go to the 
high impedanceOFF-state. Operation of 
the OE input doesnot affect the state of 
the flip-flops. 


The "574" is functionally identical to 
the "564", but hasnon-inverting outputs. 
The "574" is functionally identical to 
the "374", but hasa different pinning. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
14 
15 
ns 
tpLH 
CPto Qn 
CL=15pF 
VCC = 5 V 


fmax 
maximum 
clock 
frequency 
123 
76 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
22 
25 
pF 
capacitanceper flip-flop 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in /lW): 


PD = CPD x VCC' x fi + 1: (CL x VCC' x fa) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
L (CL x VCC' x fa) = sum of outputs 


2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC -1.5 
V 


PACKAGE 
OUTLINES 
20-leadDIL; plastic (SOT146l. 
20-mini-pack;plastic (S020; SOT163AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
OE 
3-state output enable input (active LOW) 


2,3,4,5, 
DOto D7 
data inputs 
6,7,8,9 


10 
GND 
ground (0 V) 


11 
CP 
clock input (LOW-to-HIGH, edge-triggered) 


19,18,17,16, 
Qoto Q7 
3-state flip-flop outputs 
15,14,13,12 


20 
VCC 
positive supply voltage 


1(D,comb" 
199D 
699 


74HC/HCT574 


MSI 
l. 
_ 


, 
DO 
00 
19 


3 0, 
0, 
18 


, 
0, 
a, 
17 


s 
03 
03 


" 
FFlloFFB 
3· STATE 
• 0, 
OUTPUTS 
C, 
15 
, Os 
es 
14 


8 
D. 
(6 
13 


9 
0, 
(, 
12 


11 
CP 


1 OE 


INPUTS 
INTERNAL 
OUTPUTS 


OPERATING 
MODES 
FLIP-FLOPS 
OE 
CP 
Dn 
QO to Q7 


load and read 
L 
t 
I 
L 
L 
register 
L 
t 
h 
H 
H 


load register and 
H 
t 
I 
L 
Z 
disable outputs 
H 
t 
h 
H 
Z 


H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH 
CP transition 


L = LOW voltage level 
I = LOW voltage level one set-up time prior to the LOW-to-HIGH 
CP transition 
Z = high impedance OFF-state 
t = LOW-to-HIGH 
clock transition 


March 
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74HC/HCT574 


MSI 


DC CHARACTERISTICS 
FOR 
74HC 
For the DC characteristics 
see chapter 
"HCMOS family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
47 
150 
190 
225 
2.0 
17 
30 
35 
45 
ns 
4.5 
Fig. 6 
tPLH 
CP to Qn 
14 
26 
33 
38 
6.0 


3·state output 
enable ti me 
44 
140 
175 
210 
2.0 
tPZHI 
16 
28 
35 
42 
ns 
4.5 
Fig. 7 
tPZL 
5E to Qn 
13 
24 
30 
36 
6.0 


39 
125 
155 
190 
2.0 
tPHzI 
3-state 
output 
disable time 
14 
25 
31 
38 
ns 
4.5 
Fig. 7 
tPLZ 
OE to Qn 
11 
21 
26 
32 
6.0 


14 
60 
75 
90 
2.0 
tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 
4 
10 
13 
15 
6.0 


80 
14 
100 
120 
2.0 
tw 
clock pulse width 
16 
5 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 
14 
4 
17 
20 
6.0 


60 
6 
75 
90 
2.0 
tsu 


set-up time 
12 
2 
15 
18 
ns 
4.5 
Fig.8 
On to CP 
10 
2 
13 
15 
6.0 


5 
0 
5 
5 
2.0 
th 
hold time 
5 
0 
5 
5 
ns 
4.5 
Fig.8 
On to CP 
5 
0 
5 
5 
6.0 


maximum 
clock 
pulse 
6.0 
37 
4.8 
4.0 
2.0 


fmax 
30 
112 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
133 
28 
24 
6.0 


74HC/HCT574 


MSI l 
-- 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapt,'r "HCMOS family characteristics", section "Family specifications". 


Output capability: bus driver 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent supply current It. ICCI for a unit load of 1 is given in the family specifications. 
To determine t. ICC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


On 
0.5 
lJE 
1.25 
CP 
1.5 


AC CHARACTERISTICS 
FOR 74HCT 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
--40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
18 
33 
41 
50 
4.5 
Fig.6 


tpLH 
CPto On 
ns 


tPZH/ 
3-state output enable t me 
19 
33 
41 
50 
4.5 
Fig.7 
tPZL 
OE to On 
ns 


tPHZ/ 
3·state output disable time 
16 
28 
35 
42 
4.5 
Fig. 7 


tPLZ 
OE to On 
ns 


tTHL/ 
output 
transition 
time 
5 
12 
15 
18 
4.5 
Fig.6 
tTLH 


ns 


tw 
clock pulse width 
16 
7 
20 
24 
4.5 
Fig. 
HIGH or LOW 
ns 
6 


tsu 
set-up time 
12 
3 
15 
18 
4.5 
Fig. 8 
On to CP 
ns 


th 
hold time 
5 
-1 
5 
On to CP 
5 
ns 
4.5 
Fig.8 


fmax 


maximum 
clock 
pulse 
30 
69 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
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MSI 


_.PHL_k -.PLH-r 


VMlll 
------- 


lTHL- 
- 
tTlH 


Fig. 6 
Waveforms 
showing 
the clock 
input 
(CP) pulse width, 


the CP input 
to output 
(Qn) propagation 
delays, 
the output 
transition 
times 
and the maximum 
clock 
pulse frequency. 


~'"'" 
-~ 
-, 


_t 
su 


_ 
_I 
su 


_ 


Fig. 8 
Waveforms 
showing 
the data set-up and hold 
times 


for 
On input 
to CP input. 


Note to Fig. 8 


The shaded areas indicate when the input is permitted 
to change 
for predictable 
output 
performance. 


-" 


90% 


DE 
VM111 


INPUT 


'0% 


OUTPUT 
lOW-lo-OFF 


OFF-to·LOW 


OUTPUT 
HIGH-IO-OFF 


OFF-to-HIGH 


I 


VMlIl 


OlJlputs 
OUIPU(5 
ol,npulS 


enabled 
disabled 
enabled 


Note 
to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GNO to VCC- 


HCT: 
VM = 1.3V; 
VI = GNO to 3V. 
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74HC/HCT583 


MSI 


• 
Adds two decimal numbers 
• 
Full internal look-ahead 
• 
Fast ripple carry for economical 
expansion 
• 
Output 
capability: 
standard 
• 
ICC category: MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT583 are high-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (lSTTL). 
They are specified in 
compliance with JECEC standard no. 7A. 


The 74HC/HCT583 are high-speed 
4-bit 8CD full adderswith internal carry 
look-ahead. They accept two 4-bit 
decimal numbers (AD to A3 and 80 to B3) 
and a carry input (CIN)' 


The "583" generatesthe decimal sum 
outputs (~O to ~31 and a carry output 
(Cn+4) if the sum is greater than 9. 


If an addition of two BCD numbers 
produce 
a number 
greater 
than 
9, a valid 
BCD number and a carry will result. For 
input values larger than 9, the number 
is 
converted from binary to 8CD. Binary to 
BCD 
conversion 
occurs 
by grounding 
one 
set of inputs, An or Bn and applying a 
4-bit binary number to the other set of 
inputs. If the input is between 0 and 9, 
a BCD-number occurs at the output. If the 
binary input falls between 10 and 15, a 
carry 
term 
is generated. 
Both 
the carry 
term and the sum are the BCD equivalent 
of the binary 
input. 
Converting 
binary 
numbers greater than 16 may be achieved 
by cascading"583s". 


Seethe "283" for the binary version. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHl/ 
propagation delay 
Cl 
= 15 pF 
CIN to Cn+4 
20 
23 
ns 


tplH 
An, Bn to Cn+4 
VCC = 5 V 
23 
27 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
116 
120 
pF 
capacitance 
per package 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in /lWI: 


PD = CPD x VCC' x fi + r (Cl x VCC' x fo) where: 


fi 
= input frequency in MHz 
Cl 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
~ (Cl 
X VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 


16-leadDIL; plastic (50T38ZI. 
16-leadmini-pack; plastic (5016; 50T1 OgAI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


5 
CIN 
carry 
input 


6 
Cn+4 
carry 
output 


8 
GND 
ground (0 V) 


11,10,7,9 
2:0 to 2:3 
sum outputs 


12,1,2,3 
BOto B3 
B operand inputs 


13,14,15,4 
AO to A3 
A operand inputs 


16 
VCC 
positive supply voltage 


vcc 


A, 
13l 


[BCD] 


13 
12 
14 
15 


A, 
15 


AD 
'3 
{ 


10 


C'N 
G", +4 
12 } 


'0 


X, 
11 
'0 
C, 
co 


'Z9699I,/ 


7Z96989 


Fig. 1 Pin configuration. 
Fig.2 
Logic symbol. 
Fig.3 
IEC logic symbol. 
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MSI 
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MSI 


D-{>-50 


·0 


AO 
5, 


., 


A, 
., 


A, 
5, 


74HC/HCT583 


MSI 
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Output 
capability: 
standard 
ICC category: 
MS I 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
--40 to +85 
--40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


50 
155 
195 
235 
2.0 
tPHLI 
propagation 
delay 
18 
31 
39 
47 
ns 
4.5 
Fig.6 
tpLH 
CIN to EO 
14 
26 
33 
40 
6.0 


113 
350 
440 
525 
2.0 
tPHLI 
propagation 
delay 
41 
70 
88 
105 
ns 
4.5 
Fig.6 
tpLH 
CIN to El 
33 
60 
75 
90 
6.0 


100 
305 
380 
460 
2.0 
tpHLI 
propagation 
delay 
36 
61 
76 
92 
ns 
4.5 
Fig.6 
tPLH 
CIN to E2 
29 
52 
65 
78 
6.0 


110 
340 
425 
510 
2.0 
tpHLI 
propagation 
delay 
40 
68 
85 
102 
ns 
4.5 
Fig.6 
tpLH 
CIN to E3 
32 
58 
72 
87 
6.0 


50 
155 
195 
235 
2.0 
tPHLI 
propagation 
delay 
18 
31 
39 
47 
ns 
4.5 
Fig.6 
tPLH 
An or 8n to EO 
14 
26 
33 
40 
6.0 


120 
365 
455 
550 
2.0 
tPHLI 
propagation 
delay 
43 
73 
91 
110 
ns 
4.5 
Fig.6 
tPLH 
An or Bn to El 
34 
62 
77 
94 
6.0 


105 
325 
405 
490 
2.0 
tpHLI 
propagation 
delay 
38 
65 
81 
98 
ns 
4.5 
Fig. 6 
tpLH 
An or Bn to E2 
30 
55 
69 
83 
6.0 


116 
355 
445 
535 
2.0 
tpH LI 
propagation 
delay 
42 
71 
89 
107 
ns 
4.5 
Fig.6 
tpLH 
An or Bn to E3 
34 
60 
76 
91 
6.0 


63 
195 
245 
295 
2.0 
tPHLI 
propagation 
delay 
23 
39 
49 
59 
ns 
4.5 
Fig.6 
tpLH 
CIN to Cn+4 
18 
33 
42 
50 
6.0 


72 
220 
275 
330 
2.0 
tpHLI 
propagation 
delay 
26 
44 
55 
66 
ns 
4.5 
Fig.6 
tpLH 
An to Cn+4 
21 
37 
47 
56 
6.0 


74 
230 
290 
345 
2.0 
tPHLI 
propagation 
delay 
27 
46 
58 
69 
ns 
4.5 
Fig. 6 
tpLH 
Bn to Cn+4 
22 
39 
49 
59 
6.0 


19 
75 
95 
110 
2.0 
tTHLI 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
standard 
outputs 
6 
13 
16 
19 
6.0 
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74HC/HCT583 


MSI 


Output capability: standard 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent supply current (<lICC) for a unit load of 1 is given in the family specifications. 
To determine <lICC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


An,8n 
0.4 


CIN 
1.5 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYM80L 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH L/ 
propagation delay 
20 
34 
43 
51 
ns 
4.5 
Fig.6 
tpLH 
CIN to LO 


tPHL/ 
propagation delay 
40 
68 
85 
102 
ns 
4.5 
Fig. 6 
tpLH 
CIN to L1 


tPHL/ 
propagation delay 
38 
65 
81 
98 
ns 
4.5 
Fig.6 
tpLH 
CIN to L2 


tPHL/ 
propagation delay 
38 
65 
81 
98 
ns 
4.5 
Fig.6 
tpLH 
CIN to L3 


tpHL/ 
propagation delay 
22 
37 
46 
56 
ns 
4.5 
Fig. 6 
tPLH 
An or 8n to LO 


tPHL/ 
propagation delay 
43 
73 
91 
110 
ns 
4.5 
Fig. 6 
tpLH 
An or 8n to L1 


tpHL/ 
propagation delay 
40 
68 
85 
102 
ns 
4.5 
Fig.6 
tpLH 
An or 8n to L2 


tPHL/ 
propagation delay 
41 
70 
88 
105 
ns 
4.5 
Fig.6 
tpLH 
An or 8n to L3 


tpH L/ 
propagation delay 
27 
46 
58 
69 
ns 
4.5 
Fig.6 
tPLH 
CIN to Cn+4 


tPH L/ 
propagation delay 
31 
53 
66 
80 
ns 
4.5 
Fig. 6 
tPLH 
An to Cn+4 


tPHL/ 
propagation delay 
30 
51 
64 
77 
ns 
4.5 
Fig. 6 
tPLH 
8n to Cn+4 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
4.5 
Fig.6 
tTLH 
standard outputs 
ns 
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74HC/HCT583 


MSI 


Fig.6 
Waveformsshowing the inputs (CIN, An, Bnl 
to the outputs (Ln, 
Cn+4) propagation delaysand 
the output 
transition 
times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3 V; VI = GND to 3V. 
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8-bit shift register with output 
register 


Product 
specification 


• 
Synchronous 
serial input and 
output 


• 
S-bit parallel output 


• 
Shift and storage 
register 
have 


independent 
direct clear and 
clocks 


• 
100 MHz (typ.) 


• 
Output capability: 


- parallel outputs: 
bus driver 


- serial outputs: 
standard 


• 
Ice category: 
MSI 


QUICK 
REFERENCE 
DATA 
GNO = 0 V; Tant>= 25 DC; l, = tf = 6 ns. 


• 
Serial-to 
parallel 
data conversion 


• 
Remote 
control 
holding 
register 


DESCRIPTION 


The 74HC/HCT594 
are high-speed, 


Si-gate 
CMOS devices, 
and are pin 
compatible 
with low power Schottky 


TTL (LSTTL). 
They are specified 
in 


compliance 
with JEOEC 
standard 


No.7A. 


The 74HCIHCT594 
contain 
an S-bit, 


non-inverting, 
serial-in, 
parallel-out 


shift register that feeds an S-bit 
Ootype storage 
register. Separate 


clocks and direct overriding 
clears 


are provided 
on both the shift and 


storage 
registers. 
A serial output 


(Q,o) is provided for cascading 


purposes. 


Both the shift and storage 
register 


clocks are positive-edge 
triggered. 
If 
the user wishes to connect 
both 


clocks together, 
the shift register 
will 
always 
be one count pulse ahead of 


the storage 
register. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHL/tPlH 
propagation 
delay 
CL=15pF; 


SHcp to Q,o 
Vcc = 5 V 
13 
15 
ns 


STcp to Qn 
13 
15 
ns 


SHR to Qn 
11 
14 
ns 


STR to Qn 
11 
14 
ns 


fmax 
maximum 
clock frequency 
SHcp, ST cp 
100 
100 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPlJ 
power dissipation 
capacitance 
per package 
notes 
1 and 2 
S4 
S9 
pF 


Notes 


1. 
CplJ is used to determine 
the dynamic 
power dissipation 
(Po in llW). 
Po = Cpo X VCC2 X fj + r(CL x Vcc2 x fo)' where: 


fj = input frequency 
in MHz; 
fo = output frequency 
in MHz; 


r(CL x Vcc2 X fo) = sum of the outputs; 
CL = output load capacitance 
in pF; 
Vcc = supply voltage 
in V. 


2. 
For HC, the condition 
is VI = GND to Vcc' 


For HCT, the condition 
is VI = GNO to vcc - 1.5 V. 


EXTENDED 
TYPE 
PACKAGES 


NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


PC74HC/HCT594P 
16 
OIL 
plastic 
SOT38C, 
P 


PC74HC/HCT594T 
16 
SO 
plastic 
SOT109A 


8-bit shift register with output 
register 


11 
12 


SHCP 
STCP 
vCC 


°i 
9 


°0 
15 
00 


°1 
Os 


°2 
STR 


14 
Os 
°3 
STCp 


°4 
4 


°5 
5 


°6 
6 
SHR 


_ 
°7 
7 
SHR 
STR 


MBC318 


10 
1:1 MBC319 


SYMBOL 
PIN 
DESCRIPTION 


Qo to Q7 
15 & 1 to 7 
parallel data outputs 


GND 
8 
ground 
(0 V) 


Q' 
9 
serial data output 
7 


SHR 
10 
shift register reset (active LOW) 


SHcp 
11 
shift register clock input 


STcp 
12 
storage 
register clock input 


STR 
13 
storage 
register reset active (LOW) 


Ds 
14 
serial data input 


Vcc 
16 
supply voltage 


8-bit shift register with output 
register 


SIR 
13 
R2 
Os 
ST CP 
12 
C2 
14 


- 
10 
11 
SHCP 
SHR 
SRG8 
8-STAGE SHIFT REGISTER 


SHCp 
11 
10 
$riR 


10 
20 
15 00 
°i 
9 


1 
°1 
2 
°2 
12 
STCp 


3 
°3 
STR 
8-BIT STORAGE REGISTER 
13 


4 


°4 
5 
°5 
6 


7 
°6 


°7 
9 
0' 7 


MBC32.?· 
, 


INPUTS 
OUTPUTS 
FUNCTION 
SHcp 
STcp 
SHR 
STR 
Os 
Or' 
an 


X 
X 
L 
X 
X 
L 
NC 
a LOW level on 5HR only affects the shift registers. 


X 
X 
X 
L 
X 
NC 
L 
a LOW level on 5T R only affects the storage 
registers. 


X 
i 
L 
H 
X 
L 
L 
empty shift register 
loaded into storage 
register. 


i 
X 
H 
X 
H 
06' 
NC 
logic HIGH level shifted 
into shift register stage O. Contents 
of all 
shift register 
stages shifted through, 
e.g. previous 
state of stage 


6 (internal 
06') appears 
on the serial output (0/). 


X 
i 
H 
H 
X 
NC 
0' 
contents 
of shift register 
stages 
(internal 
On') are transferred 
to 
n 
the storage 
register 
and parallel output stages. 


i 
i 
H 
H 
X 
°6n 
0' 
contents 
of shift register 
shifted through. 
Previous 
contents 
of 
n 
shift register transferred 
to the storage 
register and the parallel 


output stages. 


H = HIGH voltage 
level 


L = LOW voltage 
level 


i = LOW-to-HIGH 
transition 


NC = no change 


X = don't care. 


8-bit shift register with output 
register 


o 
Q 


FFSHO 
CP 
R 


o 
Q 


FFST 0 


CP 
R 


STCp 
n 


I 


I 
°i ---:J 
! i 
I 
IlL 
_ 


8-bit shift register with output 
register 


For the DC characteristics, 
see chapter 
'HCMOS 
family characteristics', 
section 
'Family 
specifications'. 


Output capability: 
parallel 
outputs, 
bus driver; serial output, standard. 


Icc category: 
MSI. 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; t, = ~ = 6 ns; CL = 50 pF. 


Tamb (0C) 
TEST 
CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 
to +85 
-40 
to +125 
UNIT 
Vcc 
WAVE- 


MIN. 
TYP. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
(V) 
FORMS 


tpHL/tPlH 
propagation 
delay 
- 
44 
150 
- 
185 
- 
225 
ns 
2.0 
Fig.7 


SHcp to 0/ 
- 
16 
30 
- 
37 
- 
45 
ns 
4.5 
- 
14 
26 
- 
31 
- 
38 
ns 
6.0 


propagation 
delay 
- 
44 
150 
- 
185 
- 
225 
ns 
2.0 
Fig.8 


STcp to On 
- 
16 
30 
- 
37 
- 
45 
ns 
4.5 
- 
14 
26 
- 
31 
- 
38 
ns 
6.0 


tpHL 
propagation 
delay 
- 
39 
150 
- 
185 
- 
225 
ns 
2.0 
Fig.11 
SHR to 07' 
- 
14 
30 
- 
37 
- 
45 
ns 
4.5 
- 
12 
26 
- 
31 
- 
38 
ns 
6.0 


propagation 
delay 
- 
39 
125 
- 
155 
- 
185 
ns 
2.0 
Fig.12 
STR to On 
- 
14 
25 
- 
31 
- 
37 
ns 
4.5 
- 
12 
21 
- 
26 
- 
31 
ns 
6.0 


tw 
shift clock pulse width 
80 
10 
- 
100 
- 
120 
- 
ns 
2.0 
Fig.7 
HIGH or LOW 
16 
4 
- 
20 
- 
24 
- 
ns 
4.5 


14 
3 
- 
17 
- 
20 
- 
ns 
6.0 


storage 
clock pulse 
80 
10 
- 
100 
- 
120 
- 
ns 
2.0 
Fig.8 
width HIGH or LOW 
16 
4 
- 
20 
- 
24 
- 
ns 
4.5 


14 
3 
- 
17 
- 
20 
- 
ns 
6.0 


shift and storage 
reset 
80 
14 
- 
100 
- 
120 
- 
ns 
2.0 
Figs 11 
pulse width HIGH or 
16 
5 
- 
20 
- 
24 
- 
ns 
4.5 
and 12 
LOW 
14 
4 
- 
17 
- 
20 
- 
ns 
6.0 
t.u 
set-up time Os to SHcp 
100 
10 
- 
125 
- 
150 
- 
ns 
2.0 
Fig.9 


20 
4 
- 
25 
- 
30 
- 
ns 
4.5 


17 
3 
- 
21 
- 
26 
- 
ns 
6.0 


set-up time SHR to ST cp 
100 
14 
- 
125 
- 
150 
- 
ns 
2.0 
Fig.10 


20 
5 
- 
25 
- 
30 
- 
ns 
4.5 


17 
4 
- 
21 
- 
26 
- 
ns 
6.0 


set-up time 
100 
17 
- 
125 
- 
150 
- 
ns 
2.0 
Fig.8 
SHcp to STcp 
20 
6 
- 
25 
- 
30 
- 
ns 
4.5 


17 
5 
- 
21 
- 
26 
- 
ns 
6.0 


8-bit shift register with output 
register 


Tomb(OC) 
TEST 
CONDITIONS 
SYMBOL 
PARAMETER 
+25 
-40 
to +85 
-40 
to +125 
UNIT 
Vcc 
WAVE- 


MIN. 
TYP. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
(V) 
FORMS 


4, 
hold time Os to SHCF 
25 
-8 
- 
30 
- 
35 
- 
ns 
2.0 
Fig.9 


5 
-3 
- 
6 
- 
7 
- 
ns 
4.5 


4 
-2 
- 
5 
- 
6 
- 
ns 
6.0 


trem 
removal 
time 
50 
-14 
- 
65 
- 
75 
- 
ns 
2.0 
Figs 11 
SHR to SHcp, 
10 
-5 
- 
13 
- 
15 
- 
ns 
4.5 
and 12 
STR to STcp 
9 
-4 
- 
11 
- 
13 
- 
ns 
6.0 


fmax 
maximum 
clock 
6.0 
30 
- 
4.8 
- 
4.0 
- 
MHz 
2.0 
Figs 7 
frequency 
30 
92 
- 
24 
- 
20 
- 
MHz 
4.5 
and 8 
SHcp or STcp 
35 
109 
- 
28 
- 
24 
- 
MHz 
6.0 


Philips Semiconductors 


8-bit shift register with output 
register 


DC CHARACTERISTICS 
FOR 
74HCT 


For the DC characteristics, 
see 
chapter 
'HCMOS 
family 
characteristics', 
section 
'Family 
specifications'. 


Output 
capability: 
parallel 
outputs, 
bus driver; serial output, 
standard. 


Icc category: 
MSI. 


AC CHARACTERISTICS 
FOR 74HCT 
GND = 0 V; t, = ~ = 6 ns; CL = 50 pF. 


Note to HCT types 


The value of additional 
quiescent 
supply current 
(,',Icel for a unit load 
of 1 is given in the family 
specifications. 
To determine 
,',Icc per 


input, multiply this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Ds 
0.25 


SHR 
1.50 


SHcp 
1.50 


STcp 
1.50 


STR 
1.50 


Tomb(ec) 
TEST 
CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 
to +85 
-40 
to +125 
UNIT 
Vcc 
WAVE· 


MIN. 
TYP. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
(V) 
FORMS 


tpHL/tPLH 
propagation 
delay 
- 
18 
32 
- 
40 
- 
48 
ns 
4.5 
Fig.7 
SHcp to Qt' 


propagation 
delay 
- 
18 
32 
- 
40 
- 
48 
ns 
4.5 
Fig.8 


STcp to Qn 


tpHL 
propagation 
delay 
- 
17 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.11 
SHR to Qr' 


propagation 
delay 
- 
17 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.12 
STR to Qn 


tw 
shift clock pulse width 
16 
4 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.7 
HIGH or LOW 


storage 
clock pulse 
16 
4 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.8 
width HIGH or LOW 


shift and storage 
reset 
16 
6 
- 
20 
- 
24 
- 
ns 
4.5 
Figs 11 
pulse width HIGH or 
and 12 
LOW 


t.u 
set-up time Ds to SHcp 
20 
4 
- 
25 
- 
30 
- 
ns 
4.5 
Fig.9 


set-up time SHR to ST cp 
20 
6 
- 
25 
- 
30 
- 
ns 
4.5 
Fig.10 


set-up time 
20 
7 
- 
25 
- 
30 
- 
ns 
4.5 
Fig.8 
SHcp to STcp 


th 
hold time Ds to SHcp 
5 
-3 
- 
6 
- 
7 
- 
ns 
4.5 
Fig.9 


t,em 
removal 
time 
10 
-5 
- 
13 
- 
15 
- 
ns 
4.5 
Figs 11 
SHR to SHcp, 
and 12 
STR to STcp 


fma• 
maximum 
clock 
30 
92 
- 
24 
- 
20 
- 
MHz 
4.5 
Figs 7 
frequency 
SHcp or ST cp 
and 8 


8-bit shift register with output 
register 


07' OUTPUT 
VM(1) 


- 
-- 
ITlH 
ITHL --- 


Fig.? 
Waveforms 
showing 
the shift clock (SHcp) 
to output (Q/) propagation 
delays, 
the shift clock 
pulse width and the maximum 
shift clock 
frequency. 


Fig.9 
Waveforms 
showing 
the data set-up and 
hold times for the Ds input. 


- "~ 1- 
- '''-"Ii 


an OUTPUTS 
!~V-M-(1-) -----\~ 
_ 


Fig.8 
Waveforms 
showing 
the storage 
clock 
(STcp) to output (Qn) propagation 
delays, 
the 
storage 
clock pulse width, maximum 
storage 
clock frequency 
and the shift clock to storage 
clock set-up time. 


SHR INPUT 
v 
(1) 
f 


STcp INPUT 
VM (1) 


Fig.10 
Waveforms 
showing 
the set-up time from 
shift reset (SHR) to storage 
clock (ST cp). 


8-bit shift register with output 
register 


4 


1PHL- 


V 
(1) 


~4 


Fig.11 
Waveforms 
showing 
the shift reset (SHR) 
pulse width, the shift reset to output (Q,') 
propagation 
delay and the shift reset to shift 


clock (SHcp) removal time. 


Fig.12 
Waveforms 
showing 
the storage 
reset 


(ST R) pulse width, the storage 
reset to outputs 


(Qn) propagation 
delay and the storage 
reset to 


storage 
clock (STcp) removal time. 


Note (1) 


HC: VM = 50%; VI = GND to Vcc. 
HCr: VM = 1.3 V; VI = GND to 3 V. 


Product specification 


8-bit serial-in/serial 
or parallel-out 
shift 
register with output latches; 3-state 


• 8-bit serial input 


• 8-bit serial or parallel output 


• Storage 
register with 3-state 
outputs 


• Shift register with direct clear 


• 
100 MHz (typ) shift out frequency 


• Output capability: 


- 
parallel outputs; 
bus driver 


- serial output; 
standard 


• 
Icc category: 
MSI. 


• Serial-to-parallel 
data conversion 


• 
Remote control 
holding 
register. 


DESCRIPTION 


The 74HC/HCT595 
are high-speed 
Si-gate CMOS devices 
and are pin 
compatible 
with low power Schottky 
TTL (LSTTL). They are specified 
in 
compliance 
with JEDEC 
standard 
nO.7A. 


The "595" is an 8-stage 
serial shift 
register with a storage 
register 
and 
3-state outputs. The shift register 
and storage 
register 
have separate 
clocks. 


Data is shifted on the positive-going 
transitions 
of the SHcp input. The 
data in each register 
is transferred 
to the storage 
register on a 
positive-going 
transition 
of the ST cp 
input. If both clocks are connected 
together, 
the shift register will 
always be one clock pulse ahead of 
the storage 
register. 


The shift register has a serial input 


(Os) and a serial standard 
output 
(Q/) for cascading. 
It is also 
provided 
with asynchronous 
reset 
(active 
LOW) for all 8 shift register 


stages. The storage 
register 
has 8 
parallel 3-state 
bus driver outputs. 
Data in the storage 
register 
appears 
at the output whenever 
the output 
enable input (OE) is LOW. 


QUICK 
REFERENCE 
DATA 


GND = 0 V; T'rrb = 25 °C; t, = tf = 6 ns. 


SYMBOL 
TYP. 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 
16 
21 
ns 


tPHJtPLH 
SHcp to Q7' 
17 
20 
ns 
STcp to Qn 
CL = 15 pF 
14 
19 
ns 
MR to Q/ 
Vcc= 5 V 


fmax 
maximum 
clock 
100 
57 
MHz 
frequency 
SHcp, ST cp 


C1 
input capacitance 
3.5 
3.5 
pF 


power dissipation 
Cpo 
capacitance 
per 
notes 1 and 2 
115 
130 
pF 
package 


Notes 


CPDis used to determine 
the dynamic 
power dissipation 
(PD in JlW): 
PD= CPDX VCC2 X fi + L(CL 
X VCC2 X fo) where: 


fi = input frequency 
in MHz 
CL = output load capacitance 
in pF 
fo = output frequency 
in MHz 
Vcc = supply voltage 
in V 
L(CL x Vcc2 X fo) = sum of outputs. 


For HC the condition 
is VI = GND to Vcc 
For HCT the condition 
is VI = GND to V cc - 1.5 V. 


EXTENDED 
TYPE 
PACKAGE 


NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HC/HCT595N 
16 
DIL 
plastic 
SOT38Z 


74HC/HCT595D 
16 
S016 
plastic 
SOT109A 


Philips Semiconductors 


8-bit serial-in/serial 
or parallel-out shift 
register with output latches; 3-state 


BE 


STcp 


SYMBOL 
PIN 
DESCRIPTION 
00.07 
15, 1 • 7 
parallel data output 
GND 
8 
ground 
(0 V) 
0/ 
9 
serial data output 


MR 
10 
master 
reset (active LOW) 


SHcp 
11 
shift register clock input 


STcp 
12 
storage 
register clock input 


OE 
13 
output enable 
(active LOW) 
Ds 
14 
seria.l data input 


Vcc 
16 
positive 
supply voltage 


11 
12 


SHcp STCp 
BE 13 
EN3 


ST 
12 
C2 


07' 
9 
CP 10 
MR 
00 
15 
SHCp 11 


01 
15 00 


02 
2 
1 
01 
14 
Os 
03 
3 
2 
02 


04 
4 
3 
°3 
4 
05 
5 
04 


06 
6 
6 
°5 


07 
7 
7 
06 


MR 
OE 
9 
°7 
°i 
MSM •• 


10 
13 
MLAOO2 


Philips Semiconductors 


8-bit serial-in/serial 
or parallel-out 
shift 
register with output latches; 3-state 


14 
Os 


11 SHcp 


10 
MR 


00 
15 


Q1 
1 


Q2 
2 


Q3 
3 


Q4 
4 


Q5 
5 


Q6 
6 


Q7 
7 


Philips Semiconductors 


8-bit serial-in/serial 
or parallel-out 
shift 
register with output latches; 3-state 


STAGE 
0 


FFO 
o 
Q 


STAGE 
7 


FF7 
o 
Q 


CP 
R 


LATCH 
o 
Q 


CP 


8-bit serial-in/serial 
or parallel-out shift 
register with output latches; 3-state 


INPUTS 
OUPTUTS 
FUNCTION 


SHcp 
STcp 
OE 
MR 
Os 
Or' 
On 


X 
X 
L 
.l- 
X 
L 
NC 
a LOW level on MR only affects 
the shift registers 


X 
i 
L 
L 
X 
L 
L 
empty shift register loaded 
into 


storage 
register 


shift register clear. Parallel 
X 
X 
H 
L 
X 
L 
Z 
outputs in high-impedance 
OFF-state 


logic high level shifted into shift 
register stage O. Contents 
of all 
i 
X 
L 
H 
H 
06' 
NC 
shift register stages shifted 
through, 
e.g. previous 
state of 


stage 6 (internal 06') 
appears 
on 


the serial output (0/) 


contents 
of shift register 
stages 


X 
i 
L 
H 
X 
NC 
an' 
(internal 
an') are transferred 
to 


the storage 
register andparallel 


output stages 


contents 
of shift register shifted 


through. 
Previous 
contents 
of the 
i 
i 
L 
H 
X 
06' 
an' 
shift register is transferred 
to the 


storage 
register and the parallel 


output stages. 


H 
HIGH voltage 
level 


L 
LOW voltage 
level 


i 
LOW-to-HIGH 
transition 


.I- 
HIGH-to-LOW 
transition 


Z 
high-impedance 
OFF-state 


NC 
no change 


X 
don't care. 


Philips Semiconductors 


8-bit serial-in/serial 
or parallel-out shift 
register with output latches; 3-state 


Os --FL 
~nl._ 
_ 


----y 
- - - - 
I 
----l 


I 
----~'-t high-impedance 
OFF-slale 


----I 


----l 
- - - - I 
----l 
----I 


----I 


Qi -_-_l 
nL- 
_ 
...1 
--' 
MLA005.' 


8-bit serial-in/serial 
or parallel-out shift 
register with output latches; 3-state 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family specifications". 


Output capability: 
parallel 
outputs, 
bus driver; serial output, standard 
Icc category: 
MSI. 


AC CHARACTERISTICS 
FOR 74HC 
GND = 0 V; t, = ~ = 6 ns; CL = 50 pF. 


T'mb ('C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 
to +125 
UNIT 
Vcc 
WAVEFORMS 
M1N 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 
delay 
- 
52 
160 
- 
200 
- 
240 
ns 
2.0 


tpHL/tpLH 
- 
19 
32 
- 
40 
- 
48 
ns 
4.5 
Fig.7 
SHcp to 07' 
- 
15 
27 
- 
34 
- 
41 
ns 
6.0 


propagation 
delay 
- 
55 
175 
- 
220 
- 
265 
ns 
2.0 


tpHL/tpLH 
- 
20 
35 
- 
44 
- 
53 
ns 
4.5 
Fig.8 
STcp to On 
- 
16 
30 
- 
37 
- 
45 
ns 
6.0 


propagation 
delay 
- 
47 
175 
- 
220 
- 
265 
ns 
2.0 


tpHL 
MR to 07' 
- 
17 
35 
- 
44 
- 
53 
ns 
4.5 
Fig.10 
- 
14 
30 
- 
37 
- 
45 
ns 
6.0 


3-state 
output 
- 
47 
150 
- 
190 
- 
225 
ns 
2.0 


tpztltpZl. 
enable 
time 
- 
17 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.11 
OE to On 
- 
14 
26 
- 
33 
- 
38 
ns 
6.0 


3-state 
output 
- 
41 
150 
- 
190 
- 
225 
ns 
2.0 
tpHzltpLZ 
disable 
time 
- 
15 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.11 


OE to On 
- 
12 
26 
- 
33 
- 
38 
ns 
6.0 


shift clock pulse 
75 
17 
- 
95 
- 
110 
- 
ns 
2.0 


tw 
width HIGH or 
15 
6 
- 
19 
- 
22 
- 
ns 
4.5 
Fig.7 
LOW 
13 
5 
- 
16 
- 
19 
- 
ns 
6.0 


storage 
clock 
75 
11 
- 
95 
- 
110 
- 
ns 
2.0 
tw 
pulse width HIGH 
15 
4 
- 
19 
- 
22 
- 
ns 
4.5 
Fig.8 
or LOW 
13 
3 
- 
16 
- 
19 
- 
ns 
6.0 


master 
reset 
75 
17 
- 
95 
- 
110 
- 
ns 
2.0 
tw 
pulse width LOW 
15 
6.0 
- 
19 
- 
22 
- 
ns 
4.5 
Fig.10 
13 
5.0 
- 
16 
- 
19 
- 
ns 
6.0 


set-up time Ds to 
50 
11 
- 
65 
- 
75 
- 
ns 
2.0 
tsu 
SHcp 
10 
4.0 
- 
13 
- 
15 
- 
ns 
4.5 
Fig.9 
9.0 
3.0 
- 
11 
- 
13 
- 
ns 
6.0 


set-up time SHcp 
75 
22 
- 
95 
- 
110 
- 
ns 
2.0 


Isu 
to STcp 
15 
8 
- 
19 
- 
22 
- 
ns 
4.5 
Fig.8 
13 
7 
- 
16 
- 
19 
- 
ns 
6.0 


hold time Ds to 
3 
-6 
- 
3 
- 
3 
- 
ns 
2.0 
th 
SHcp 
3 
-2 
- 
3 
- 
3 
- 
ns 
4.5 
Fig.9 
3 
-2 
- 
3 
- 
3 
- 
ns 
6.0 


removal time MR 
50 
-19 
- 
65 
- 
75 
- 
ns 
2.0 
t,em 
to SHcp 
10 
-7 
- 
13 
- 
15 
- 
ns 
4.5 
Fig.10 
9 
-6 
- 
11 
- 
13 
- 
ns 
6.0 


8-bit serial-in/serial 
or parallel-out shift 
register with output latches; 3-state 


Tomb(OC) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


maximum 
clock 
6 
30 
- 
4.8 
- 
4 
- 
MHz 
2.0 
fmax 
pulse frequency 
30 
91 
- 
24 
- 
20 
- 
MHz 
4.5 
Figs 7 and 8 
SHcp or STcp 
35 
108 
- 
28 
- 
24 
- 
MHz 
6.0 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family specifications". 


Output capability: 
parallel 
outpU'lS, bus driver; serial output, standard 
Icc category: 
MSI. 


Note to HCT types 


The value of additional 
quiescent 
supply current (Lllccl for a unit load of 1 is 
given in the family specifications. 
To determine 
Lllcc per input, multiply this 
value by the unit load coefficienl 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Os 
0.25 


MR 
1.50 


SHcp 
1.50 


STcp 
1.50 


OE 
1.50 


8-bit serial-in/serial 
or parallel-out shift 
register with output latches; 3-state 


AC CHARACTERISTICS 
FOR 74HCT 
GND 
0 V' t 
~ - 6 ns' C - 50 pF 
- 
, 
r - 
, 
L- 


Tamb (Oe) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
--40 to +85 
--40 to +125 
UNIT 
Vee 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


tPHL/tpLH 
propagation 
delay 
- 
25 
42 
- 
53 
- 
63 
ns 
4.5 
Fig.? 
SHep to Qr' 


tPHl/tplH 
propagation 
delay 
- 
24 
40 
- 
50 
- 
60 
ns 
4.5 
Fig.8 
STep to Qn 


tpHl 
propagation 
delay 
- 
23 
40 
- 
50 
- 
60 
ns 
4.5 
Fig.10 
MR to Qr' 


tpZl·/tpZL 
3-state 
output enable 
- 
21 
35 
- 
44 
- 
53 
ns 
4.5 
Fig.11 
time OE to Qn 


tpHzltpLZ 
3-state 
output 
- 
18 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.11 
disable 
time OE to Qn 


tw 


shift clock pulse 
16 
6 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.? 
width HIGH or LOW 


tw 


storage 
clock pulse 
16 
5 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.8 
width HIGH or LOW 


tw 


master 
reset pulse 
20 
8 
- 
25 
- 
30 
- 
ns 
4.5 
Fig.10 
width LOW 


tsu 
set-up time Ds to 
16 
5 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.9 
SHep 


tsu 


set-up time SHep to 
16 
8 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.8 
STep 


th 
hold time Ds to SHep 
3 
2 
- 
3 
- 
3 
ns 
4.5 
Fig.9 


removal 
time MR to 
10 
-? 
- 
13 
- 
15 
- 
ns 
4.5 
Fig.10 
trem 
SHep 


maximum 
clock 
Figs? 
and 8 
fmax 
pulse frequency 
30 
52 
- 
24 
- 
20 
- 
MHz 
4.5 
SHep or STep 


8-bit serial-in/serial 
or parallel-out 
shift 
register with output latches; 3-state 


Fig.? 
Waveforms 
showing 
the clock (SHcp) to output (Q/) propagation 
delays, the shift clock pulse width and 
maximum 
shift clock frequency. 


Fig.8 
Waveforms 
showing 
the storage 
clock (STcp) to output 
(Qn) propagation 
delays, the storage 
clock pulse 
width and the shift clock to storage clock set-up time. 


8-bit serial-in/serial 
or parallel-out shift 
register with output latches; 3-state 


MR INPUT 
VM(l) 


-tw 
trem 


SHcp 
INPUT 


OJ' 
OUTPUT 
""'1 r 


VM 
(1) 


MLBf97 


Fig.10 
Waveforms 
showing 
the master reset (MR) pulse width, the master reset to output (0/) propagation 


delay and the master reset to shift clock (SHcp) removal 
time. 


8-bit serial-in/serial 
or parallel-out 
shift 
register with output latches; 3-state 


an OUTPUT 


LOW-lo-OFF 
OFF-lo-LOW 


an 
OUTPUT 
HIGH - 10- OFF 
OFF - to - HIGH 


(1) 
HC: VM = 50%; VI = GND to Vcc 
HCT: VM = 1.3 V; VI = GND to 3 V. 


___ 
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74HC/HCT597 


MSI 


• 
8-bit 
parallel 
storage 
register 
inputs 


• 
Shift 
register 
has direct 
overriding 
load and clear 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT597 
are high-speed 
Si-gate 


CMOS devices and are pin compatible 
with low power Schottky 
(TTl 
(LSTTl). 


They are specified 
in compliance 
with 
JEOEC 
standard 
no. 7A. 


The 74HC/HCT597 
consist 
each of an 
B-bit storage 
register feeding 
a parallel-in, 


serial-out 
B·bit shift register. 
Both the 
storage 
register and the shift 
register 
havn 


positive edge-triggered 
clocks. 
The shift 
register also has direct 
load (from storagel 
and clear inputs. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 
tpHl/ 
SHCp to Q 
17 
20 
ns 
tPLH 
STCp to Q 
CL=15pF 
25 
29 
ns 
Pl to Q 
VCC = 5 V 
21 
26 
ns 


fmax 


maximum 
clock frequency 
96 
83 
MHz 
SHCp 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 
power 
dissipation 
notes 
1 and 2 
29 
32 
pF 
capacitance 
per package 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in IJW): 


Po = CPO X VCC' 
x fi + r (Cl 
x VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 
fa 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


L (Cl 
X VCC' 
x fol = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16·lead 
DI l; plastic 
(SOT38Z). 


16-lead 
mini-pack; 
plastic 
(5016; 
SOTl 09A). 


12 
10 " 


'S 
00 


STep 
M" 
Os 


0, 


0, 


D, 
INPUT 
a·BIT 
FLlP- 
SHIFT 
D, 
FLOPS 
REGISTER 


Os 


0. 


D, 
0 
PL SHCp 


7Z9,11S 
13 
11 


74HC/HCT597 


MSI 
l 
-- 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


8 
GND 
ground (0 V) 


9 
Q 
serial data output 


10 
MR 
asynchronous reset input (active LOW) 


11 
SHCp 
shift clock input (LOW-to-HIGH, edge-triggered) 


12 
STCp 
storageclock input (LOW-to-HIGH, 
edge-triggered) 


13 
PI 
parall~1load input (active LOW) 


14 
DS 
serial data input 


15,1,2,3, 
DOto D7 
parallel data inputs 
4,5,6,7 


16 
VCC 
positive supply voltage 


8·BIT 


SHIFT 


REGISTER 


STCp 
SHCp 
PI 
MR 
FUNCTION 


t 
X 
X 
X 
data loaded to input latches 


t 
X 
L 
H 
data loaded from inputs to shift register 


no 
data transferred from input flip-flops to 
clock 
X 
L 
H 


edge 
shift register 


X 
X 
L 
L 
invalid logic, state of shift register 
indeterminate 
when 
signals removed 


X 
X 
H 
L 
shift register cleared 


X 
t 
H 
H 
shift register clocked 
Qn = Qn-1, QO~ DS 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-H IGH CPtransition 


M",h 19881 ( 


74HC/HCT597 


MSI 


74HC/HCT597 


MSI 
l 
_ 


SHCp 
J1..Jl 


Os l...-- 


MA l..-.J 


I 


PC 


STep -- 
-, 


DO 
H 


0, - 
L 


0, 
H 


II 


,.--- 
n 
-, 


L 
L 


L 
L 


L 
L 


L 
L 


L 
H 


L 
H 


L 
L 


H 
L- 
U 
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74HC/HCT597 


MSI 


DC CHARACTERISTICS 
FOR 
74HC 
For the DC characteristics 
see chapter 
"HCMOS family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 
GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation 
delay 
55 
175 
220 
265 
2.0 
20 
35 
44 
53 
ns 
4.5 
Fig. 7 
tpLH 
SHCp to Q 
16 
30 
37 
45 
6.0 


propagation 
delay 
58 
175 
220 
265 
2.0 


tpHL 
MR to Q 
21 
35 
44 
53 
ns 
4.5 
Fig.8 
17 
30 
37 
45 
6.0 


tpHLI 
propagation 
delay 
80 
250 
315 
375 
2.0 
29 
50 
63 
75 
ns 
4.5 
Fig. 7 


tpLH 
STCp to Q 
23 
43 
54 
64 
6.0 


tpHLI 
propagation 
delay 
69 
215 
270 
325 
2.0 


tPLH 
PC to Q 
25 
43 
54 
65 
ns 
4.5 
Fig. 9 
20 
37 
46 
55 
6.0 


tTHLI 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 9 
tTLH 
6 
13 
16 
19 
6.0 


STCp pulse width 
80 
11 
100 
120 
2.0 
tw 
HIGH or LOW 
16 
4 
20 
24 
ns 
4.5 
Fig.7 
14 
3 
17 
20 
6.0 


SHCp pulse width 
80 
14 
100 
120 
2.0 


tw 
HIGH or LOW 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 
14 
4 
17 
20 
6.0 


MR pulse width 
80 
22 
100 
120 
2.0 


tw 
16 
8 
20 
24 
ns 
4.5 
Fig. 8 
LOW 
14 
6 
17 
20 
6.0 


PL pulse width 
80 
22 
100 
120 
2.0 


tw 
16 
8 
20 
24 
ns 
4.5 
Fig. 9 
LOW 
14 
6 
17 
20 
6.0 


removal 
time 
60 
-3 
75 
90 
2.0 


trem 
MR to SHCp 
12 
-1 
15 
18 
ns 
4.5 
Fig. 10 


10 
-1 
13 
15 
6.0 


set-up time 
60 
8 
75 
90 
2.0 
tsu 
12 
3 
15 
18 
ns 
4.5 
Fig. 11 
Dn to STCp 
10 
2 
13 
15 
6.0 


set-up time 
60 
11 
75 
90 
2.0 


tsu 
Dsto 
SHCp 
12 
4 
15 
18 
ns 
4.5 
Fig.11 
10 
3 
13 
15 
6.0 


set-up time 
60 
11 
75 
90 
2.0 
tsu 
PL to SHCp 
12 
4 
15 
18 
ns 
4.5 
Fig. 12 
10 
3 
13 
15 
6.0 


74HC/HCT597 


MSI l 
_ 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


5 
-3 
5 
5 
2.0 
th 
hold time 
5 
-1 
5 
5 
ns 
4.5 
Fig.11 
Dn to STCp 
5 
-1 
5 
5 
6.0 


5 
-6 
5 
5 
2.0 


th 
hold time 
5 
-2 
5 
5 
ns 
4.5 
Fig. 11 
PL, DSto SHCP 
5 
-2 
5 
5 
6.0 


6.0 
29 
4.8 
4.0 
2.0 


fmax 
maximum 
pulse 
frequency 
30 
87 
24 
20 
MHz 
4.5 
Fig. 7 
SHCp 
35 
104 
28 
24 
6.0 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapter "HCMOS family characteristics", section "Family specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current ("'ICCI for a unit load of 1 is given in the family specifications. 
To determine "'ICC per input, mul1iply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


DS 
0.25 
Dn 
0.30 
PL, MR 
1.50 
STCp, SHCp 1.50 
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74HC/HCT597 


MSI 


AC WAVEFORMS 
FOR 74HCT 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
I -40to+125 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
23 
40 
50 
60 
ns 
4.5 
Fig.7 


tPLH 
SHep to 0 


tpHL 
propagation delay 
28 
49 
61 
74 
ns 
4.5 
Fig.8 
MR toO 


tpHL/ 
propagation delay 
33 
57 
71 
86 
ns 
4.5 
Fig. 7 


tpLH 
STCp to 0 


tpHL/ 
propagation delay 
30 
52 
65 
78 
ns 
4.5 
Fig. 9 


tPLH 
PLtoO 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 9 
tTLH 


tw 
SHCP pulse width 
16 
7 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 


tw 
ST ep pulse width 
16 
6 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 


tw 
MR pulse width 
25 
14 
31 
38 
ns 
4.5 
Fig. 8 
LOW 


tw 
PL pulse width 
20 
10 
25 
30 
ns 
4.5 
Fig. 9 
LOW 


trem 


removal 
time 
12 
-2 
15 
18 
4.5 
Fig. 10 
MR to SHep 
ns 


tsu 
set-up time 
12 
5 
15 
18 
ns 
4.5 
Fig. 11 


On to STep 


tsu 
set-up time 
12 
2 
15 
18 
ns 
4.5 
Fig. 11 
Os to SHep 


tsu 
set-up time 
12 
4 
15 
18 
ns 
4.5 
Fig. 12 
PL to SHep 


th 
hold time 
5 
-1 
5 
5 
4.5 
Fig. 11 


On to STep 
ns 


th 
hold time 
5 
-2 
5 
5 
4.5 
Fig. 11 
PL. 0sto 
SHep 
ns 


fmax 
maximum 
pulse frequency 
30 
75 
24 
20 
MHz 
4.5 
Fig. 7 
SHep 


74HC/HCT597 


MSI l 
_ 


STcp,sHcpD" 
1/f 


m"'D 


INPUT 
VM 


- '"JVM''' 
~- 
a 
OUTPUT 
~ 


Fig. 7 Waveforms 
showing 
the SHCp and ST CP inputs to 
Q output 
propagation 
delays, th~ SHCp and ST CP pulse 


widths 
and maximum 
clock pulse frequency. 


Fig. 8 Waveforms 
showing 
the /;1R input to Q output 


propagation 
delays and the /;1R pulse width. 


~ 
':~~-"'-~~1:! 


VMlll 


lTHL - 
-- 
-- 
-- 
tTLH 


Mil INPUT\_V_M_"_' __ 
, 
j"T-=- 
t 


VM111 
-------~ 


Fig. 9 Waveforms 
showing 
the l'l input to Q output 
propagation 
delays, l'l pulse width 
and output 
transition 
times. 


Fig. 10 Waveforms 
showing the MR input to SHCp, 


ST CP removal times. 


Fig. 12 Waveforms 
showing 
set-up times for PC input to 
SHCp input. 


Fig ..11 Waveforms 
showing 
hold and set-up times for DS, 


Dn mputs to SHCp, ST CP inputs. 


Note to AC waveforms 


(1) HC 
: VM=50%;VI=GNDtoVCC. 


HCT: VM = 1.3V;VI 
=GNDt03V. 


M",h 
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74HC/HCT640 


MSI 


• 
Octal 
bidirectional 
bus interface 


• 
Inverting 
3-state 
outputs 
• 
Output 
capability: 
bus driver 


• 
ICC category: 
MS I 


GENERAL 
DESCRIPTION 


The 74HC/HCT640 
are high-speed 


Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTl 
(lSTTl). 
They are specified 
in 
compliancewithJEDEC 
standard 
no. 7A. 


The 74HC/HCT640 
are octal 
transceivers featuring inverting 3·state bus 
compatible 
outputs 
in both send and 
receive 
directions. 


The "640" 
features 
an output 
enable 


(OE) input for easy cascading and a 
send/receive 
(DIRI for direction 
control. 


OE controls 
the outputs 
so that the buses 
are effectively 
isolated. 


The "640" 
is similar to the "245" 
but 
has inverting outputs. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHl/ 
propagation 
delay 
Cl 
= 15 pF 
An to Bn; 
9 
9 
ns 


tPlH 
Bn to An 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CI/O 
input/output 
capacitance 
10 
10 
pF 


power 
dissipation 
CPD 
capacitance 
per 
notes 
1 and 2 
35 
35 
pF 


transceiver 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in J1.WI: 


PD = CPD x VCC' 
x fi + ~ (Cl 
x VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 
fo 
= output 
frequency 
in MHz 
VCC 
= supply voltage 
in V 


L (Cl 
x VCC' 
x fol = sum of outputs 
2. 
For HC 
the condition 
is VI = GND to VCC 


For HCT the condition 
is VI = GND to VCC -1.5 
V 


20-lead DI l; plastic (SOT146), 


20-lead mini-pack: 
plastic (S020: SOT163A), 


. 
. 
. 


9~11 


~'Z81870 
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74HC/HCT640 


MSI 
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PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
DIR 
direction 
control 


2,3,4,5, 
AD to A7 
data inputs/outputs 
6,7,8,9 


10 
GND 
ground (0 VI 


18,17,16,15, 
BOto B7 
data inputs/outputs 
14,13,12,11 


19 
OE 
output enable input (active LOW) 


20 
VCC 
positive supply voltage 


inputs 
inputs/outputs 


OE 
DIR 
An 
Bn 


L 
L 
A=B 
inputs 


L 
H 
inputs 
B=A 


H 
X 
Z 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 


____ 
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74HC/HCT640 


MSI 


DC CHARACTERISTICS 
FOR 74HC 
For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 
to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH LI 
propagation delay 
30 
90 
115 
135 
2.0 
An to Bn: 
11 
18 
23 
27 
ns 
4.5 
Fig.5 
tpLH 
Bn to An 
9 
15 
20 
23 
6.0 


tpZHI 
3·state output enable time 
44 
150 
190 
225 
2.0 
OE,DIRtoAn: 
16 
30 
38 
45 
ns 
4.5 
Fig.6 
tpZL 
OE, DIR to Bn 
13 
26 
33 
38 
6.0 


tPHzI 
3-state output 
disable time 
50 
150 
190 
225 
2.0 
OE, DIR to An: 
18 
30 
38 
45 
ns 
4.5 
Fig. 6 
tpLZ 
OE, DIR to Bn 
14 
26 
33 
38 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.5 
tTLH 
4 
10 
13 
15 
6.0 


74HC/HCT640 


MSI 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: bus driver 
ICC category: MSI 


Note to HCT tYpes 


The value of additional quiescent supply current (llICC) for a unit load of 1 is given in the family specifications. 
To determine lllCC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


An 
1.50 
Bn 
1.50 
OE 
1.50 
DIR 
0.90 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
An to Bn; 
11 
22 
28 
33 
ns 
4.5 
Fig. 5 
tPLH 
Bn to An 


tPZHI 
3-state output enable time 
OE, DIR to An; 
18 
30 
38 
45 
ns 
4.5 
Fig.6 
tpZL 
OE,DIRtoBn 


tPHzI 
3-state output disable time 
OE,DIRtoAn; 
19 
30 
38 
45 
ns 
4,5 
Fig, 6 
tPLZ 
OE, DIR to Bn 


tTHLI 
output transition time 
5 
12 
15 
18 
ns 
4.5 
Fig.5 
tTLH 


M"oh 19881( 


74HC/HCT640 


MSI 


OUTPUT 
LOW-IO·OFF 
OFF-to· 
LOW 


OUTPUT 


HIGH-ta·OFF 
OFF·la-HIGH 


Fig. 5 Waveforms showing the input (An. Bnl 
to output (Bn• AnI propagation delays and 
the output transition times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3V; VI = GND to 3V. 


I 


VMC11 


outputs 
outputs 
outputs 


enabled 
diwbled 
enabled 


_---J 
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OCTAL 
BUS TRANSCEIVEFt; 
3-STATE; 
TRUE/INVERTING 


FEATURES 


• 
Octal bidirectional 
bus interfacE' 
• 
True and inverting 3-state outputs 
• 
Output capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 
The 74HC/HCT643 are high-speed 
Si-gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliancewithJEDEC 
standard nO.lA. 


The 74HC/HCT643 are octal 
transceivers featuring true and inverting 
3-state buscompatible outputs in both 
send and receive directions. 


The "643" features an output enable (OE) 
input for easy cascading and a send/receive 
(DIR) for direction control. OE controls 
the outputs so that the busesare 
effectively isolated. 


INPUTS 
INPUTS/OUTPU' 


OE 
DIR 
An 
Bn 


L 
L 
A=B 
inpu~ 
L 
H 
inputs 
B=A 
H 
X 
Z 
Z 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 


Z = high impedance OFF-state 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPH L/ 


propagation delay 
CL=15pF 
An to Bn; inverting 
7 
8 
ns 


tPLH 
Bn to An; true 
VCC = 5 V 
8 
11 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


ClIO 
input/output 
capacitance 
10 
10 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
42 
44 
pF 
capacitance 
per transceiver 


GND = 0 V; Tamb = 25 'C;tr 
=tf =6 ns 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlW): 


PD = CPD x VCC' x fi + l: (CL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 


L (CL X VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


20'lead DI L; plastic (SOT146l. 


20-leadmini-pack; plastic (S020; SOT163Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
DIR 
direction 
control 


2,3,4,5, 
AO to A7 
data inputs/outputs 
6,7,8,9 


10 
GND 
ground (0 V) 


18,17,16,15, 
BOto B7 
data inputs/outputs 
14,13,12,11 


19 
OE 
output enable input (active LOW) 


20 
VCC 
positive supply voltage 


~ 


7:::B7 
, 
11 


7Z90993 


74HC/HCT643 


MSI 
l 
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74HC/HCT643 


MSI 


DC CHARACTERISTICS 
FOR 
74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 


propagation 
delay 
25 
90 
115 
135 
2.0 


An to Bn; 
9 
18 
23 
27 
ns 
4.5 
Fig.5 


tPLH 
inverting 
7 
15 
20 
23 
6.0 


tPHLI 


propagation 
delay 
28 
90 
115 
135 
2.0 
Bn to An; 
10 
18 
23 
27 
ns 
4.5 
Fig.6 


tPLH 
non-inverting 
(true) 
8 
15 
20 
23 
6.0 


tpzHI 
3-state output 
enable time 
39 
150 
190 
225 
2.0 


OE, DIR to An: 
14 
30 
38 
45 
ns 
4.5 
Fig.7 


tpZL 
OE, DIR to Bn 
11 
26 
33 
38 
6.0 


tPHzI 
3-state output 
disable time 
44 
150 
190 
225 
2.0 


OE, DIR to An; 
16 
30 
38 
45 
ns 
4.5 
Fig. 7 
tpLZ 
OE, DIR to Bn 
13 
26 
33 
38 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 


output transition time 
5 
12 
15 
18 
ns 
4.5 
Figs 5 and 6 
tTLH 
4 
10 
13 
15 
6.0 


'I(J,""",'I 
t986 
'" 
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DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chaoter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent ,;upply current (lIICC) for a unit load of 1 is given in the family specifications. 
To determine 1I1CCper input, multiply this value by the unit load coefficient shown in the table below. 


input 
unit load 
coefficient 


An 
1.50 


Bn 
0.40 
DE 
1.50 
DIR 
0.90 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (C) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 


propagation delay 


An to Bn; 
10 
20 
25 
30 
ns 
4.5 
Fig. 5 
tpLH 
inverting 


tPHLI 


propagation delay 
Bn to An; 
13 
23 
29 
35 
ns 
4.5 
Fig. 6 
tPLH 
non·inverting 
(true) 


tpZHI 
3-state output enabl,· time 
OE, DIR to An; 
16 
30 
38 
45 
ns 
4.5 
Fig.7 
tpZL 
OE, DIR to Bn 


tpHzI 
3-state output disable time 


OE,DIRtoAn; 
17 
30 
38 
45 
ns 
4.5 
Fig.7 


tPLZ 
DE, DI R to 8n 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Figs 5 and 6 
tTLH 


750 
J"",,y 19861 ( 


74HC/HCT643 


MSI 


A, INPUTjVM 
1', 


L'PHL- 


Fig. 5 Waveforms showing thn input (An) to 
output (Bnl propagation delays and the output 
transition 
times. 


OUTPUT 


LOW-IO-OFF 
OFF-to-lOW 


OUTPUT 


HIGH-to-OFF 


OFF-tO-HIGH 


~,~UJ__ 
outputs 
et\lbled 
dlsabll!d 


Fig. 7 Waveformsshowing the 3·state enable 
and disable times for OE and DIR inputs. 


Fig. 6 Waveformsshowing the input (Bnl to 
output (An) propagation delays and the output 
transition 
times. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


____ 
J 
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FEATURES 


• 
Independent 
register for A and B 
buses 


• 
Multiplexed 
real-time and stored 
data 
• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT646 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7A. 
The 74HC/HCT646 consist of bus 
transceiver circuits with 
3·state outputs, 
D·type flip-flops, and control circuitry 
arranged 
for 
multiplexed 
transmission 
of 


data directly 
from 
the 
internal 
registers. 


Data on the" A" or "B" bus will be 
clocked 
into 
the registers as the 
appropriate clock 1CPAB and CPBAI 
goesto a HIGH logic level. Output enable 
(OE) and direction IDI RI inputs are 
provided 
to control 
the transceiver 


function. 
In the transceiver 
mode, 
data 
present at the high-impedance 
port may 


be stored in either the" A" or "B" 
register, 
or in both. 
The 
select source 
inputs (SAB and SBA) can multiplex 
stored 
and real-time 
(transparent 
mode) 
data. The direction IDIR) input 
determines 
which 
bus will 
receive 
data 
when OE is active 1LOW). In the isolation 
mode IOE = HIGH), "A" 
data may be 
stored in the "s" register and/or "B" data 
may be stored 
in the" 
A" 
register. 


(continued 
on next 
page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation delay 
11 
13 
ns 
tPLH 
An, Bn to Bn, An 
CL = 15 pF 
VCC = 5 V 


fmax 
maximum 
clock 
frequency 
69 
85 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
30 
33 
pF 
capacitance 
per channel 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in /.lW): 


PD ~ CPD x VCC' 
x fi + L (CL x VCC' 
x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fa 
= output frequency in MHz 
VCC 
= supply voltagein V 
L (CL X VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 
24<eadDIL; plastic ISOT101AI. 
24·leadmini-pack:plastic (S024; SOT137AI.. 


vcc 


CPBA 
6" 
0' 
SB. 
CPAB 
CPSA 
23 


S'B 
SB. 
n 


'0 
BO 
20 
BO 
" 
B, 
19 


B, 
., 
B, 
18 


B, 
'3 
B3 
17 
" 
B, 
16 
's 
BS 
15 
B. 
10 
A_ 


8_ 
14 
A_ 
85 
11 
" 
B, 
13 


O'R 
B_ 
1293918 


GNO 
B, 


lZ939,9,' 


1293911 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig. 3 IEC logic svmbol. 


74HC/HCT646 


MSI l 
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PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
CPAB 
A to B clock input 
(LOW-to-HIGH, 
edge-triggered) 


2 
SAB 
select A to B source input 


3 
DIR 
direction control input 


4,5,6,7, 
AO to A7 
A data inputs/outputs 
8,9,10,11 


12 
GND 
ground 
(0 V) 


20,19,18,17, 
BO to B7 
B data inputs/outputs 
16,15,14,13 


21 
OE 
output 
enable 
input 
(active LOWI 


22 
SBA 
select B to A source input 


23 
CPBA 
B to A clock input 
(LOW-to-HIGH, 
edge-triggered) 


24 
VCC 
positive supply 
voltage 


GENERAL 
DESCRIPTION 


When an output 
function 
is disabled. 
the 
input function 
is still enabled 
and may be 


used to store and transmit 
data. 


Only one of the two buses, A or B, may 
be driven at a time. 


The "646" 
is functionally 
identical 
to the 


"648", 
but has non-inverting 
data paths. 


• 


AO 
8e '0 


S 
A, 
8, 
19 
, A, 
8, 
18 
, A, 
8, 
17 


8 
A. 
8. 
16 


9 
AS 
8S 
15 
'0 
A, 
8, 


" 
11 
A, 
8, 
13 


21 


23 


22 
S8A 


INPUTS 
DATA I/O· 


FUNCTION 


m: 
DIR 
CPAB 
CPBA 
SAB 
SBA 
AO to A7 
BOtoB7 


H 
X 
Hor L 
HorL 
X 
X 
input 
input 
isolation 


H 
X 
t 
t 
X 
X 
store A and B data 


L 
L 
X 
X 
X 
L 
output 
input 
real-time 
B data to A bus 


L 
L 
X 
H or L 
X 
H 
stored 
B data to A bus 


L 
H 
X 
X 
L 
X 
input 
output 
real-time 
A data to B bus 


L 
H 
Hor L 
X 
H 
X 
stored 
A data to B bus 


• The data output 
functions 
may be enabled 
or disabled 
by various signals at the DE and 


01 R inputs. 
Data input 
functions 
are always enabled, 
i.e., data at the bus inputs 
will be 
stored 
on every LOW-to-HIGH 
transition 
on the clock inputs. 


H; 
HIGH voltage 
level 
L; 
LOW voltage 
level 
X; 
don't 
care 
t ; LOW-to-H IGH level transition 


___ 
o_c_t_a'_b_U_S _tr_a_ns_ce_i_ve_r/_r_e9_is_te_r_; 
_3,"_st_at_e 
J 
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TO 


CHANNELS 


2TO 8 


1-- 
-- 
CPBA--l 


I 
pb 
a 
I 
'if 
t., 


I ~~---- 
." 
I 


I 
0 I 
: 
C 
C 
I 


I 
I 
I 


I 
: 
c 
C 
I 


L __ ~ =---=-=---==-~ ~_J 
ON~'GHT 
10'NTICALCHANN,J 


7Z93926.2 


74HC/HCT646 


MSI l 
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DC CHARACTERISTICS 
FOB 
74HC 


For the DC characteristics 
see chapter 
"HCMDS family characteristics". 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25' 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propaaation 
delay 
39 
135 
170 
205 
2.0 


14 
27 
34 
41 
ns 
4.5 
Fig.6 


tpLH 
An.Bn to BnAn 
11 
23 
29 
35 
6.0 


tPHLI 
propagation 
delay 
66 
220 
275 
330 
2.0 
24 
44 
55 
66 
ns 
4.5 
Fig. 7 


tpLH 
CPAB.CPBA to SnAn 
19 
37 
47 
56 
6.0 


tPHLI 
propagation 
delay 
55 
190 
240 
2B5 
2.0 
20 
3S 
4S 
57 
ns 
4.5 
Fig.8 
tPLH 
SAS,SSA 
to BnAn 
16 
32 
41 
48 
6.0 


tPZHI 
3·state output enabl~ time 
47 
175 
220 
265 
2.0 
17 
35 
44 
53 
ns 
4.5 
Fig. 9 


tPZL 
OE to An,Sn 
14 
30 
37 
45 
6.0 


tPHzI 
3·state output 
disable time 
58 
175 
220 
265 
2.0 
21 
35 
44 
53 
ns 
4.5 
Fig.9 


tpLZ 
OE to An.Sn 
17 
30 
37 
45 
6.0 


tPZHI 
3·state output 
enabh, time 
50 
175 
220 
265 
2.0 
18 
35 
44 
53 
ns 
4.5 
Fig. 10 
tPZL 
DIR to An,Bn 
14 
30 
37 
45 
6.0 


tPHzI 
3-state 
output 
disabl, 
time 
50 
175 
220 
265 
2.0 
18 
35 
44 
53 
ns 
4.5 
Fig. 10 
tpLZ 
DIR to An.Sn 
14 
30 
37 
45 
6.0 


tTHLI 


14 
60 
75 
90 
2.0 


output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Figs 6 and 8 


tTLH 
4 
10 
13 
15 
6.0 


clock pulse width 
80 
25 
100 
120 
2.0 
tw 
HIGH or LOW 
16 
9 
24 
24 
ns 
4.5 
Fig. 7 
CPAS or CPSA 
14 
7 
20 
20 
6.0 


set-up time 
60 
-3 
75 
90 
2.0 
tsu 
An.Bn to CPAS.CPBA 
12 
-1 
15 
18 
ns 
4.5 
Fig. 7 
10 
-1 
13 
15 
6.0 


hold time 
35 
6 
45 
55 
2.0 
th 
An.Bn to CPAS.CPElA 
7 
2 
9 
11 
ns 
4.5 
Fig. 7 
6 
2 
8 
9 
6.0 


maximum 
clock pulse 
6.0 
21 
4.8 
4.0 
2.0 
fmax 
frequency 
30 
63 
24 
20 
MHz 
4.5 
Fig.7 
35 
75 
28 
24 
6.0 


74HC/HCT646 


MSI 


DC CHARACTERISTICS 
FOR 
74HCT 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output 
capability: 
bus driver 


ICC category: 
MS I 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(l>ICC) for a unit load of 1 is given in the family specifications. 


To determine 
l>ICC per input. 
multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


SAB, SBA 
0.60 


AO to A7 \ 


0.75 
and 
f 


BO to B7 


INPUT 
UNIT LOAD 
COEFFICI 
ENT 


CPAB. l 


1.50 
CPBA 
OE 
1.50 
DIR 
1.25 


AC CHARACTERISTICS 
FOR 
74HGT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typ, 
max. 
min. 
max. 
min. 
max. 


tPH LI 
propagation 
delay 
16 
30 
38 
45 
ns 
4.5 
Fig.6 
tPLH 
An.Bn to BnAn 


tpHLI 
propagation 
delay 
23 
44 
55 
66 
ns 
4.5 
Fig. 7 


tPLH 
CPAB.CPBA to BnAn 


tPHLI 
propagation 
delay 
26 
46 
58 
69 
ns 
4.5 
Fig. 8 
tPLH 
SA8.S8A 
to BnAn 


tPZHI 
3-state 
output 
enable 
time 
21 
40 
50 
60 
ns 
4.5 
Fig.9 
tpZL 
OE to An.Bn 


tpHzI 
3-state output disable time 
20 
35 
44 
53 
ns 
4.5 
Fig. 9 
tPLZ 
OE to An.Bn 


tpzHI 
3-state output 
enable ti me 
21 
40 
50 
60 
ns 
4.5 
Fig. 10 


tpZL 
DIR to An.Bn 


tPHzI 
3-state 
output 
disable 
time 
21 
35 
44 
53 
ns 
4.5 
Fig. 10 
tpLZ 
DIR to An.Bn 


tTHLI 
output transition time 
5 
12 
15 
18 
ns 
4.5 
Figs 6 and 8 
tTLH 


clock pulse width 


tw 
HIGH or LOW 
16 
8 
20 
24 
ns 
4.5 
Fig.7 


CPAB or CPBA 


tsu 


set-up time 
12 
3 
15 
18 
ns 
4.5 
Fig. 7 


An.Bn to CPAB,CP8A 


th 
hold time 
5 
1 
5 
5 
ns 
4.5 
Fig.7 


An,Bn to CPAB.CPBA 


fmax 
maximum 
clock 
pulse 
30 
77 
24 
20 
MHz 
4.5 
Fig.7 
frequency 


74HC/HCT646 


MSI 
l 
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Fig. 6 Waveforms 
showing 
the input An. Bn to 


output 
Bn. An propagation 
delays and the output 
transition times. 


Fig. 7 Waveforms 
showing 
the An.Bn to CPAB.CPBA 
set·up and hold times. clock CPAB.CPBA pulse width. 
maximum 
clock pulse frequency 
and the CPAB.CPBA 
to output 
Bn,An 
propagation 
delays. 


An. 
en 


OUTPUT 


LOW'lo-OFF 


OFF-Io·LOW 


90% 


OE 
INPUT 
vMtII 


10% 


Fig. B Waveforms 
showing 
the input SAB.SBA to 
output 
Bn,An 
propagation 
delays 
and output 
transition 
times. 


An. Sn 


OUTPUT 


HIGH'lo-OFF 


OFF-Io-HIGH 
""'"J__ 
outputs 
enabled 
dIsabled 


D'R 
INPUT 
IIMlll 
VMllJ 


- 
tpHZ 
- 


tpZH 
__ 


An 
OUTPUT 
VMnI 


'PZL 
-- 


An 
OUTPUT 
VM '" 


- 


lpZH 
tPHZ __ 


8n 
OUTPUT 
VMtll 


- 


'PZL 
IpLZ- 


Sn 
OUTPUT 
VM(1) 


Fig. 9 Waveforms 
showing 
the Input OE to output 
An.Bn 3-state enable and disable times. 


Note to AC waveforms 


(1) HC 
: VM = 50%: VI = GND to VCC. 


HCT: VM = 1.3V; VI = GND to 3V. 
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131 
(21) 
111 
1231 
121 
(22) 


cow" { 
direction 
output 
A-to-B 
B·to·A 
A-to-B 
B·to-A 
pinS 
enable 
<:Iock 
clock 


X 
H 
~ 
...r 


III 


A-to-S 


clOCk 


X 


(23) 
(2l 
(22) 
B-\o·A 
A-IO-S 
B-to-A 


clock 


X 


{ll 
{231 
(2) 
(22) 
A-to-S 
B-to-A 
A-to-S 
B-lo·A 


clock 
clock 


X 
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• 
Independent 
register 
for A and 13 
buses 
• 
Multiplexed 
real-time 
and 
stored 
data 


• 
Output 
capability: 
bus driver 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT648 
are high-speed 


Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTl 
IlSTTl). 
They are specified 
in 


compliancewithJEOECstandard 
no. 7A. 


The 74HC/HCT648 
consist 
of bus 
transceiver 
circuits 
with 3-state 
inverting 


outputs, 
Ootype flip-flops, 
and control 


circuitry 
arranged 
for multiplexed 


transmission 
of data directly 
from the 
internal registers. Data on the "A" or "8" 
bus will be clocked 
into the registers 
as 


the appropriate 
clock (CP AB and CPBA) 
goes to a HIGH logic level. Output 
enable 


(OE) and direction 
(01 R) inputs are 
provided to control the transceiver 
function. 
In the transceiver 
mode, data 


present at the high·impedance 
port may 


be stored 
in either 
the "A" 
or "B" 
register, or in both. The select source 
inputs 
(SAB and SBA) can multiplex 
stored 
and real-time 
(transparent 
model 


data. The direction 
(DIR) input 


determines 
which bus will receive data 


when OE is active (lOW). 
In the isolation 


mode (OE = HIGH), "A" data may be 
stored 
in the "B" register and/or 
"B" data 
may be stored 
in the "A" register. 


(continued 
on next 
page) 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tpHL/ 
propagation 
delay 
11 
11 
ns 


tplH 
An, Bn to Bn, An 
Cl=15pF 
VCC =5 
V 
fmax 
maximum clock frequency 
75 
88 
MHz 


CI 
input capacitance 
3.5 
3_5 
pF 


CPO 


power dissipation 
notes 
1 and 2 
30 
31 
pF 


capacitance 
per channel 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PD in /lW): 


Po = CPO x VCC' 
x fi + ~ (Cl 
x VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


~ (Cl 
x VCC' 
x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI ~ GND to VCC 
For HCT the condition 
is VI = GNO to VCC -1.5 
V 


PACKAGE 
OUTLINES 


24-lead DIL: plastic ISOT101Al. 
24-lead mini-pack; plastic IS024; 
SOT137 AI.' 


CPBA 
'3 


s•• 
22 
·0 
'0 
., 
,. 
., ,. 


·3 
17 
., 
16 


15 


'0 
14 


11 
13 
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PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
CPAB 
A to B clock input (LOW-to-HIGH, 
edge-triggered) 


2 
SAB 
select A to B source 
input 


3 
DIR 
direction 
control 
input 


4,5,6,7, 
AOtoA7 
A data inputs/outputs 
8,9,10,11 


12 
GND 
ground (0 V) 


20,19,18,17, 
BOto B7 
B data inputs/outputs 
16,15,14,13 


21 
OE 
output enable input (active LOW) 


22 
SBA 
select 
B to A source 
input 


23 
CP8A 
8 to A clock input (LOW-to-HIGH, 
edge-triggered) 


24 
VCC 
positive supply voltage 


GENERAL 
DESCRIPTION 
(Cont'd) 


When an output function is disabled, the 
input function is still enabled and may be 
used to store and transmit data. 
Only one of the two buses,A or B, may 
be driven 
at a time. 


The "648" is functionally 
identical to the 
"646", but hasinverting data paths. 


INPUTS 
DATA 1/0' 


FUNCTION 
OE 
DIR 
CPAB 
CPBA 
SAB 
SBA Aoto 
A7 
80t087 


H 
X 
H or L 
H orL 
X 
X 
input 
input 
isolation 


H 
X 
t 
t 
X 
X 
store A and 8 data 


L 
L 
X 
X 
X 
L 
output 
input 
real-time B data to A bus 


L 
L 
X 
H or L 
X 
H 
stored B data to A bus 


L 
H 
X 
X 
L 
X 
input 
output 
real-time A data to B bus 


L 
H 
Hor L 
X 
H 
X 
stored A data to B bus 


• The data output functions may be enabled or disabled by various signalsat the (J! and 
DIR inputs. Data input functions are always enabled, i.e.. data at the bus inputs will be 
stored on every LOW-to-HIGH transition on the clock inputs. 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH level transition 
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TO 


CHANNELS 
2loa 


1-- 
-- 
cp'A--l 


I 
:~ 
I 


~lf,l:E 
ill 


~N 
I 
'0 


I 
1-_--- 
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I 
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! 


I 
_ 
I 
I 
I 
C 
C 
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L _ g~--= ==--=-=--=--=-=-_J 
ON~'G~N~ 
CHANN,J 


I(DOC,mb" 
'990 
763 


74HC/HCT648 


MSI l 
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DC CHARACTERISTICS 
FOR 
'74HC 
For the DC characteristics 
see chapter 
"HCMOS family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: 
MSI 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


39 
135 
170 
205 
2.0 
tPHLI 
propagation 
delay 
14 
27 
34 
41 
ns 
4.5 
Fig.6 
tpLH 
An,Sn to Ern,An 
11 
23 
29 
35 
6.0 


tPHLI 
74 
230 
290 
345 
2.0 
propagation 
delay_ 
27 
46 
58 
69 
ns 
4.5 
Fig. 7 
tpLH 
CPAS,CPSA 
to Sn,An 
22 
39 
49 
59 
6.0 


5~ 
190 
240 
285 
2.0 
tpH LI 
propagation 
d~y_ 
20 
38 
48 
57 
ns 
4.5 
Fig. 8 
tPLH 
SAS,SSA 
to SnAn 
16 
32 
41 
48 
6.0 


52 
175 
220 
265 
2.0 
tPZHI 
3-state output enabln time 
19 
35 
44 
53 
ns 
4.5 
Fig.9 
tpZL 
OE to An,Ern 
15 
30 
37 
45 
6.0 


61 
175 
220 
265 
2.0 
tpHzl 
3-state output 
disable time 
22 
35 
44 
53 
ns 
4.5 
Fig.9 
tpLZ 
OE to An,Sn 
18 
30 
37 
45 
6.0 


tpzHI 
52 
175 
220 
265 
2.0 
3·state output 
enable time 
19 
35 
44 
53 
ns 
4.5 
Fig. 10 
tpZL 
DIR to An,Ern 
15 
30 
37 
45 
6.0 


55 
175 
220 
265 
2.0 
tpHzl 
3-state output 
disable time 
20 
35 
44 
53 
ns 
4.5 
Fig. 10 
tpLZ 
DIR to An,Sn 
16 
30 
37 
45 
6.0 


14 
60 
75 
90 
2.0 
tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Figs 6 and 8 
tTLH 
4 
10 
13 
15 
6.0 


clock pulse width 
SO 
25 
100 
120 
2.0 
tw 
HIGH or LOW 
16 
9 
20 
24 
ns 
4.5 
Fig. 7 
CPAB or CPSA 
14 
7 
17 
20 
6.0 


60 
0 
75 
90 
2.0 
tsu 
set-up time 
12 
0 
15 
18 
ns 
4.5 
Fig. 7 
An,Sn 
to CPAS,CPSA 
10 
0 
13 
15 
6.0 


35 
6 
45 
55 
2.0 
th 
hold time 
7 
2 
9 
11 
ns 
4.5 
Fig. 7 
An,Sn 
to CPAS,CF'SA 
6 
2 
8 
9 
6.0 


maximum 
clock pul"e 
6.0 
22 
4.8 
4.0 
2.0 
fmax 
30 
68 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 
35 
81 
28 
24 
6.0 
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DC CHARACTERISTICS 
FOR 
74HCT 


For the DC characteristics 
see chapter 
"HCMOS family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: 
MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(tdcci for a unit load of 1 is given in the family specifications. 
To determine 
tllCC 
per input, 
multiply 
this value by the unit load coefficient 
shown 
in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


~B' 
S-SA 
0.60 


AO to A7} 
and 
0.75 
BO to B7 


INPUT 
UNIT LOAD 
COEFFICIENT 


CPAB, } 
1.50 
CPBA 
DE 
1.50 
DIR 
1.25 


AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V;tr=tf= 
6 ns;CL 
= 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH LI 
propagation 
delay 
14 
27 
34 
41 
ns 
4.5 
Fig. 6 
tpLH 
An,Bn to Bn.An 


tpHLI 
propagation 
delay 
25 
46 
5B 
69 
ns 
4.5 
Fig. 7 


tpLH 
CPAB,CPBA to Bn,An 


tPHLI 
propagation 
delay 
20 
38 
48 
57 
ns 
4.5 
Fig.8 
tpLH 
SAB,SBA to Bn,An 


tPZHI 
3·state output enable time 
21 
40 
50 
60 
ns 
4.5 
Fig. 9 
tpZL 
DE to An,Bn 


tpHzI 
3-state 
output 
disable time 
20 
35 
44 
53 
ns 
4.5 
Fig. 9 
tpLZ 
DE to An,Bn 


tPZHI 
3-state 
output 
enable time 
20 
40 
50 
60 
ns 
4.5 
Fig. 10 
tpZL 
DIR to An,Bn 


tPHzI 
3-state output disable time 
21 
35 
44 
53 
ns 
4.5 
Fig. 10 


tPLZ 
OIl;! to An,Bn 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Figs 6 and 8 
tTLH 


clock pulse width 


tw 
HIGH or LOW 
16 
7 
20 
24 
ns 
4.5 
Fig.7 


CPAB or CPBA 


tsu 
set-up time 
12 
2 
15 
18 
ns 
4.5 
Fig.7 
An,Bn to CPAB.CPBA 


th 
hold time 
5 
0 
5 
5 
ns 
4.5 
Fig. 7 
An.Bn to CPAB,CPBA 


fmax 


maximum 
clock 
pulse 
30 
80 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 
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l__ 
-- 


Fig. 6 Waveforms 
showin~ the input An,Bn to 
output 
Bn,An propagation 
delays and the output 


transition 
times. 


Fig. 7 Waveforms 
showing the An,Bn to CPAB,CPBA 
set·up and hold times, clock CPAB'cPBA 
pulse width, 


maximum 
"Io,,-k pulse frequency 
and the CPAB,CPBA 
to output 
BnAn 
propagation 
delays. 


'~. 
~~.~~,- 
----e:--=t'PLH- 


~~T;~T 
VMlll 


7Z9JIlJ5 
ITHL 
-- 
- 
- 
- 
tTLH 


'0% 


6E INPUT 
VMlll 


10% 


An,Bn 
OUTPUT 
lOW-lo-OFF 


OFF-to-LOW 


Fig. B "".av-,,-formsshowing ':he input SAB,SBA to 
output 
BnAn 
propagation 
delays and output 


transition times. 


An.B,., 


OUTPUT 


HIGH-to-OFF 


OFF-to- 
HIGH 


oo<~ 
•• J__OUtputs 
enabled 
dlSibled 


O'R 
INPUT 
\lM(1I 
VMltl 


- 
IpHZ_ 
tpZH_ 


A" 
OUTPUT 
VMlll 


lpZL 
__ 


An 
OUTPUT 
VMlll 


- 


IpZH 
lpHZ_ 


Bn 
OUTPUT 
VMl11 


- 


IpZL 
IPLZ-- 


8n 
OUTPUT 
VMlll 


Fig. 9 Waveforms 
showing the input 
OE to output 


An,Bn 3·state enable and disable times. 


~ig.JO 
Waveforms showing the input 
DIR to output 


An,Bn 3·state enable and disable times. 


Note to AC waveforms 


(1) HC 
: VM = 50%: VI = GND to VCC' 
HCT: VM = 1.3V; 
VI = GND to 3V. 


____ 
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{ 
'31 
(211 
,n 
1231 
121 
1221 


co~trOI 
direct to., 
output 
A-to-B 
B·to-A 
A-IO-S 
B-to-A 


pm$ 
enablt 
clock 
clock 


X 
H 
J" 
J" 


In 
A-to-S 


crock 


X 


1231 
121 
1221 


B-tO-A 
A-to-S 
B-Io-A 


clOCk 


X 


131 
1211 
,n 
1231 
121 
1221 
~""ol 
{ 
direcllon 
output 
A-IO-S 
B-to-A 
A-to-S 
B-to-A 
pln~ 
enable 
clock 
,10<, 


L 
X 
X 
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Product 
specification 


Octal bus transceiver/register; 3-state 


• 
Multiplexed 
real-time 
and 
stored 
data 
• 
Independent 
register 
for A 
and B buses 
• 
Independent 
enables 
for A 
and B buses 
• 
3-state 
• 
Output 
capability: 
Bus driver 
• 
Low power 
consumption 
by 
CMOS technology 
• 
Ice category: 
MSI. 


The 74HC/HCT652 
are high-speed 
SI-gate CMOS devices and are pin 
compatible with Low power 
Schottky TTL (LSTTL). They are 
specified in compliance with Jedec 
standard no. 7A. 


The 74HC/HCT652 
consist of 8 
non-inverting 
bus transceiver 
circuits with 3-state outputs, D-type 
flip-flops and central circuitry 
arranged for multiplexed 
transmission 
of data directly from 
the data bus or from the internal 
storage registers. Data on the "A" 
or "B" or both buses, will be stored 
in the internal registers, at the 
appropiate clock pins (CPASor 
CPBA)regardless of the select pins 
(SABand SBA)or output enable 
(OEASand OEBA)control pins. 
Depending on the select inputs SAS 
and SBAdata can directly go from 
input to output (real time mode) or 
data can be controlled by the clock 
(storage mode), this is when the 
output enable pins this operating 
mode permits. The output enable 
pins OEASand OEBAdetermine the 
operation 
mode of the transGeiver. 


When OEASis LOW, no data 
transmission 
from An to Bn is 
possible and when OEBAis HIGH, 
there is no data transmission 
from 
Bn to An possible. When SASand 
SBAare in the real time transfer 
mode, it is also possible to store 
data without using the internal 


QUICK REFERENCE 
DATA 
GND = 0 V; Tamb = 25°C; t, = t, = 6 ns; Vee = 4.5 V; CL = 50 pF. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 
13 
13 
ns 
AjBn to BjAn 


tpLH/tpHL 
propagation delay 
18 
20 
ns 
CPAB/CPBAto BjAn 


propagation delay 
20 
23 
ns 
S~SBA to BjAn 


3-state output enable 
CL=15pF 


tpZ~tpZL 
time 
Vee = 5 V 
14 
15 
ns 


OEAB/OEBAto BjAn 


3-state output disable 
tpHz/tpLl 
time 
12 
13 
ns 


OEAS/OEBAto BjAn 


fm"" 
maximum clock 
92 
92 
MHz 
frequency 


C, 
input capacitance 
3.5 
3.5 
pF 


power dissipation 
Cpo 
capacitance 
per 
notes 1 and 2 
26 
28 
pF 
channel 


Notes 
1. Cpo is used to determine the dynamic power dissipation (Po in IJ,W): 


Po = Cpo X VCC 
2 
X f, + L (CL X Vec 


2 X fo) where: 
f, = input frequency in MHz; CL = output load capacitance 
in pF; 


fo = output frequency 
in MHz; Vec = supply voltage in V; 


L (CL X VCC 
2 X fo) = sum of the outputs. 
2. For HC the condition is V, = GND to Vce 


For HCT the condition is V, = GND to Vce - 1.5 V 


PACKAGE 
TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HC/HCT652N 
24 
DIL 
plastic 
SOT101L 


74HC/HCT652D 
24 
SO 
plastic 
SOT137A 


D-type 
flip-flops 
by simultaneously 
PINNING 


enabling 
OEAB and 
OEBA. In this 


configuration 
each 
output 


reinforces 
its input. 
Thus 
when 
all 


other 
data 
sources 
to the 
two 
sets 


of bus 
lines 
are at high-impedance, 
each 
set of the 
bus 
lines 
will 


remain 
at its last 
state. 
This 
type 
differs 
from 
the 
HC/HCT646 
in one 


extra 
bus-management 
function. 


This 
is the 
possibility 
to transfer 


stored 
"A" data 
to the 
"B" 
bus 
and 


transfer 
stored 
"B" data 
to the 
"A" 


bus at the 
same 
time. 
The 
examples 
at the 
application 


information 
demonstrate 
all bus 


management 
functions. 


Schmitt-trigger 
action 
in the 
clock 
inputs 
makes 
the 
circuit 
highly 


tolerant 
to slower 
clock 
rise 
and 
fall 


times. 


21 
21 
EN1 (SA) 
Vcc 
3 
EN2(AB) 
23 
C, 
CPSA 
OEAB 
OEBA 
22 
GS 
1 
C6 
SBA 
CPAB 
C?SA 
23 
G7 


OESA 
SAB 
SBA 
22 
20 


BO 
Ao 
"0 
20 


Bl 
A, 
B, 
,. 


" 
B2 
A2 
B2 
" 
lB 


B3 
A3 
B3 
17 
17 


B, 
A, 
B, 
16 
16 


A6 
AS 
BS 
15 
IS 
BS 
10 
A6 
B6 
" 
" 
B6 
11 
A7 
B7 
13 
13 
GNO 
B7 


Fig.1 
Pin configuration. 
Fig.2 
Logic 
symbol. 
Fig.3 
IEC 
Logic 
symbol. 


SYMBOL 
PIN 
DESCRIPTION 


CPAB 
1 
A to B clock 
input 


SAB 
2 
select 
A to B source 
input 


OEAB 
3 
output 
enable 
A to B input 


Ao··A, 
4 .. 11 
A data 
inputs/outputs 


GND 
12 
ground 
(0 V) 


B, .. Bo 
13 ..20 
B data 
inputs/outputs 


OEBA 
21 
output 
enable 
B to A input 


SBA 
22 
select 
B to A source 
input 


CPBA 
23 
B to A clock 
input 


Vcc 
24 
positive 
supply 
voltage 


INPUTS 
DATA 1/0' 
OPERATION 
OR FUNCTION 


OEAB OEBA 
CPAB 
CPBA 
SAB SBA 
A, THRU A, 
B, THRU B, 
HC/HCT652 


L 
H 
H or L 
H or L 
X 
X 
Isolation 


L 
H 
i 
i 
X 
X 
Input 
Input 
Store A and B data 


X 
H 
i 
HorL 
X 
X 
Input 
Not specified 
Store A, Hold B 


H 
H 
i 
i 
L 
X 
Input 
Output 
Store A in both registers 


L 
X 
H or L 
i 
X 
X 
Not specified 
Input 
Hold A, Store B 


L 
L 
i 
i 
X 
L 
Output 
Input 
Store B in both registers 


L 
L 
X 
X 
X 
L 
Real Time B Data to A Bus 


L 
L 
X 
HorL 
X 
H 
Output 
Input 
Stored B Data to A Bus 


H 
H 
X 
X 
L 
X 
Real Time A Data to B Bus 


H 
H 
H or L 
X 
H 
X 
Input 
Output 
Stored A Data to B Bus 


H 
H 
Output 
Stored A Data to B Bus and 
H 
L 
H or L 
H or L 
Output 
Stored B Data to A Bus 


• 
The data output functions may be enabled or disabled by various signals at OEABand OEBAinputs. Data input 
functions are always enabled, i.e., data at the bus inputs will de stored on every LOW-to-HIGH transition on 
the clock inputs. 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
i = LOW-to-HIGH 
level transition 


• Ao 
BO 20 


5 A, 
B, 
" 
6 A2 
B2 lB 


7 A3 
B3 17 
B A. 
B. 
16 


• A5 
B5 15 
10 A6 
B6 ,. 
11 A7 
B7 '3 


OEBA -{:>o-------C>o 


SBA-{>o 


CPBA~ 


OEAB -{:>o-------C>o 


SAB-{>o 
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DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 'HCMOS family characteristics'. 
section 'Family specifications". 


Output capability: bus driver 
Ice category: MSI. 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; t, = t, = 6 ns; C, = 50 pF. 


Tomb(0C) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 UNIT Vcc 
(V) 
WAVEFORMS 


MIN. TYP. MAX. MIN. MAX. 
MIN. 
MAX. 


propagation 
delay 
- 
44 
135 
- 
170 
- 
205 
2.0 


tpHL/tpLH 
- 
16 
27 
- 
34 
- 
41 
ns 
4.5 Fig.6 
An. Bn to Bn, An 
- 
13 
23 
- 
29 
- 
35 
6.0 


propagation 
delay 
- 
61 
190 
- 
240 
- 
285 
2.0 


tpHJtpLH 
- 
22 
38 
- 
48 
- 
57 
ns 
4.5 Fig.7 
CPAS'CPSAto Bn• An 
- 
18 
32 
- 
41 
- 
48 
6.0 


propagation 
delay 
- 
63 
195 
- 
245 
- 
295 
2.0 
tpHL/tpLH 
- 
23 
39 
- 
49 
- 
59 
ns 
4.5 Fig.8 
SAS'SSAto Bn, An 
- 
18 
33 
- 
42 
- 
50 
6.0 


3-state output enable 
- 
47 
150 
- 
190 
- 
225 
2.0 


tpZjtpZL 
time 
- 
17 
30 
- 
38 
- 
45 
ns 
4.5 Fig.9 
OEAB•OESAto An. Bn 
- 
14 
26 
- 
33 
- 
38 
6.0 


3-state output disable 
- 
41 
150 
- 
190 
- 
225 
2.0 


tpHz/tpLl time 
- 
15 
30 
- 
38 
- 
45 
ns 
4.5 Fig.9 


OEAB•OESAto An. Bn 
- 
12 
26 
- 
33 
- 
38 
6.0 
- 
14 
60 
- 
75 
- 
90 
2.0 


tTHL/tTLHoutput transition time 
- 
5 
12 
- 
15 
- 
18 
ns 
4.5 Figs 6.8 


- 
4 
10 
- 
13 
- 
15 
6.0 


clock pulse width 
80 
17 
- 
100 
- 
120 
- 
2.0 


tw 
HIGH or LOW 
16 
6 
- 
20 
- 
24 
- 
ns 
4.5 Fig.7 


CPASor CPSA 
14 
5 
- 
17 
- 
20 
- 
6.0 


set-up time 
100 
17 
- 
125 
- 
150 
- 
2.0 


tsu 
20 
6 
- 
25 
- 
30 
- 
ns 
4.5 Fig.7 
An. Bn to CPAB'CPSA 
17 
5 
- 
21 
- 
26 
- 
6.0 


hold time 
25 
-8 
- 
30 
- 
35 
- 
2.0 


th 
An. Bn to CPAB•CPSA 


5 
-3 
- 
6 
- 
7 
- 
ns 
4.5 Fig.7 


4 
-2 
- 
5 
- 
6 
- 
6.0 


maximum clock pulse 
6.0 
16 
- 
4.8 
- 
4.0 
- 
2.0 


fmax 
30 
83 
- 
24 
- 
20 
- 
MHz 
4.5 Fig.7 
frequency 
35 
98 
- 
28 
- 
24 
- 
6.0 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter "HCMOS family characteristics", 
section "Family specifications". 
Output capability: bus driver 
Ice category: MSI. 


Note to the HCT types 
The value of additional quiescent supply current (D.leclfor a unit load of 1 is given in the family specifications. 
To determine D.leeper input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 


COEFFICIENT 


SAB'SBA 
0.75 


Ao to A7 
and 
0.75 
Bo to B7 


CPAB•CPBA 1.50 


OEAB 
1.50 


OEBA 
1.50 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; t, = ~ = 6 ns; CL = 5:> pF. 
Tamb (OC) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vee 
WAVEFORMS 


MIN. TYP. MAX. MIN. MAX. 
MIN. 
MAX. 
(V) 


tpHL/tpLHpropagation delay 
- 
16 
27 
- 
34 
- 
41 
ns 
4.5 
Fig.6 
An. Bnto Bn•An 


tpHL/tpLHpropagation delay 
- 
23 
39 
- 
49 
- 
59 
ns 
4.5 
Fig.? 
CPAB,CPBAto Bn•An 


tpHL/tpLHpropagation delay 
- 
2? 
46 
- 
55 
- 
66 
ns 
4.5 
Fig.8 
SAB'SBAto Bn, ~ 
3-state output enable 
tpZJtpZL time 
- 
18 
33 
- 
41 
- 
50 
ns 
4.5 
Fig.9 
OEAB,OEBAto An. Bn 
3-state output disable 
tpH/tpLl 
time 
- 
16 
35 
- 
44 
- 
53 
ns 
4.5 
Fig.9 
OEAB,OEBAto An. Bn 


tTHL/tTLHoutput transition time 
- 
5 
12 
- 
15 
- 
18 
ns 
4.5 
Fig.6,8 


clock pulse width 
tw 
HIGH or LOW 
16 
6 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.? 
CPABor CPBA 


t,u 
set-up time 
10 
5 
- 
13 
- 
15 
ns 
4.5 
Fig.? 
An. Bnto CPAB,CPBA 
- 


th 
hold time 
5 
-2 
6 
8 
An. Bnto CPAB,CPBA 
- 
- 
- 
ns 
4.5 
Fig.? 


fm", 


maximum clock pulse 
30 
83 
- 
24 
- 
20 
MHz 
4.5 
Fig.? 
frequency 
- 


An. Bn INPUT 
~ 
~ 
~ 
tPJ~ 
B 
n 
• An OUTPUT' 
-'-'--i 
~ 
-:f ~~H 
tTHJ't:- 


Fig.6 Waveforms 
showing the input An. 
Bn to 
output Bn• An propagation 
delay times and the 
output transition times. 


Fig.8 Waveforms 
showing the input 
SAB' 
SBA to 
output Bn, An propagation 
delay times and the 
output transition times. 
. 


Note to the AC waveforms 
(1) 
HC: V", = 50%; V, = GND to Vcc' 
HCT: V", = 1.3 V; V, = GND to 3 V. 


Fig.? Waveforms 
showing the An' Bn to CPAB, 


CPBA set-up and hold times, clock CPAB, CPBA 
pulse width, maximum clock pulse frequency 
and 
the CPAB' CP BA to output Bn, An propagation 
delays. 


OEBAINPUT 
VM(l) 


A 
B OUTPUT~jl 
!-tPLZ 
lpZL 
~OvS-10-OFF 
I/: J 
VM(l) 


OFF.to-lOW 
.10% 


I.tPH 
lPZH 


90% 
VM(l) 


outPuts~outputs 
disabled 
enabled 


An. Bn OUTPUT 
HIGH- to - OFF 
OFF- to - HIGH 


Fig.9 Waveforms 
showing the output enable 
inputs (OEAB, OEBA) to outputs An. Bn enable and 
disable times and the input rise and fall times. 


--- 
--- 
(3) 
(21) 
(1) 
(23) 
(2) 
(22) 
(3) 
(21) 
(1) 
(23) 
(2) 
(22) 
OEAB 
OEBA 
CPAB 
CPBA 
SAB 
SBA 
OEAB 
OEBA 
CPAB 
CPBA 
SAB 
SBA 
L 
L 
X 
X 
X 
L 
H 
H 
X 
X 
L 
X 
Real-time transfler 
Real-time transfer 
bus B to bus A 
bus A to bus B 


--- 
--- 
(3) 
(21) 
(1) 
(23) 
(2) 
(22) 
(3) 
(21) 
(1) 
(23) 
(2) 
(22) 


OEAB 
OEBA 
CPAB 
CPBA 
SAB 
SBA 
OEAB 
OEBA 
CPAB 
CPBA 
SAB 
SBA 
X 
H 
l' 
X 
X 
X 
H 
H 
H or L 
X 
H 
X 


L 
X 
X 
l' 
X 
X 
L 
L 
X 
H or L 
X 
H 
L 
H 
l' 
l' 
X 
X 
H 
L 
H or L 
H or L 
H 
H 


Store A, B or A and B 
Transfer A stored data to B bus or B stored data 
in one register 
to A bus or both at the same time 


(3) 


OEAB 
H 
L 
--- 
(21) 
(1) 
(23) 
(2) 
OEBA 
CPAB 
CPBA 
SAB 
H 
l' 
l' 
L 
L 
l' 
l' 
X 
Store bus A in both registers or 
store bus B in both registers 


(3) 
OEAB 
L 
--- 
(1) 
(23) 
CPAB 
CPBA 
H or L 
H or L 


____ 
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• 
Simultaneous 
and independent 
read 


and write 
operations 


• 
Expandable 
to almost 
any word 
size 
and bit length 
• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 
The 74HC/HCT670 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with low power Schottky 
TTL (LSTTLI_ They are specified 
in 


compliancewithJEOECstandard 
no. 7A. 
The 74HC/HCT670 
are 16-bit 3-state 
register 
files organized 
as 4 words 
of 
4 bits each. Separated 
read and write 
address 
inputs 
(RAc.B.B and WA WB) 


and enable 
inputs 
(R E and WE) are 


available, 
permitting 
simultaneous 
writing 
into 
one word 
location 
and 
reading 
from another 
location_ The 4-bit 
word to be stored is presented to four 
data inputs 
(00 to 03). 
The WA and WB 


inputs 
determine 
the location 
of the 
stored 
word. When the WE input 
is LOW, 


the data 
is entered 
into 
the addressed 


location. 
The 
addressed 
location 
remains 
transparent 
to the data while the WE 
input is LOW. Oata supplied 
at the 


inputs 
will 
be read out 
in true 
(non- 


inverting) 
form 
from 
the 3·state 
outputs 
(00 to 03). 
On~d 
Wn inputs 
are 
inhibited 
when WE is HIGH. 


Direct 
acquisition 
of data stored 
in any 
of the four registers 
is made possible 
by 
individual 
read address 
inputs 
(RA and 
RB). The addressed 
word appears 
at the 


four outputs 
when the RE is LOW. 
Data 
outputs 
are in the high impedance 
OFF-state 
when RE is HIGH. This 


permits 
outputs 
to be tied together 
to 
increase the word 
capacity 
to very 
large 
numbers. 


(continued 
on next pagel 


74HC/HCT670 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation 
delay 
CL = 15 pF 
23 
23 
ns 
tPLH 
On to On 
VCC = 5 V 


CI 
input capacitance 
3.5 
3_5 
pF 


CPO 
power 
dissipation 
notes 
1 and 2 
122 
124 
pF 
capacitance 
per package 


GNO = a V; Tamb 
= 25 ·C; tr = tf = 6 ns 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in IlW): 


Po ~ CPO x VCC' 
x fi + ~ (CL x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 
L (CL x VCC' 
x fol = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 
16-I.ad DIL; plastic (50T38Z). 


16-lead mini-pack: plastic (5016: 50T1 09AI_ 


PIN NO. 
SYMBOL 
NAME ANO FUNCTION 


5,4 
RA' RB 
read address inputs 


8 
GNO 
ground 
(0 VI 


10,9,7,6 
0oto 
03 
data outputs 


11 
RE 
3-state 
output 
read enable 
input 
(active 
LOW) 


12 
WE 
write enable 
input 
(active 
LOW) 


14,13 
WA,WB 
write address inputs 


15,1,2,3 
00 to 03 
data inputs 


16 
VCC 
positive 
supply 
voltage 


RAM4x4 


13 
O} lA 2. 


1 
3 


O} 2A.Q 


1 
3 


lA,4D 
2A'V 


10 


74HC/HCT670 


MSI l 
_ 


GENERAL 
DESCRIPTION 
(Cont'd) 


Design of the read enable signals for the 
stacked devices must ensure that there is 
no overlap in the LOW levels which 
would cause more than one output to be 
active at the same time. Parallel expansion 
to generate n-bit words is accomplished 
by driving the enable and address inputs 
of each device in parallel. 


OPERATING 
INPUTS 
INTERNAL 


MODE 
WE 
Dn 
LATCHES· 


write data 
L 
L 
L 
L 
H 
H 


data latched 
H 
X 
no change 


• The write address (WA and WB) to the 
"internal 
latches" must be stable while 
WE is LOW for conventional 
operation. 


INPUTS 
OUTPUT 
OPERATING 
MODE 
RE INTERNAL 
an 
LATCHES· 


read 
L 
L 
L 


L 
H 
H 


disabled 
H 
X 
Z 


•• The selection of the "internal 
latches" 


by read addressl!!A 
a~RB) 
are not 


constrained by WE or RE operation. 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 
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74HC/HCT670 


MSI l__ -- 


DC CHARACTERISTICS 
FOR 
74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics". 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


58 
195 
245 
295 
2.0 
tpHLI 
propagation 
delay 
21 
39 
49 
59 
ns 
4.5 
Fig. 6 
tpLH 
RA. RB to On 
17 
33 
42 
50 
6.0 


tpHLI 
77 
250 
315 
375 
2.0 
propagation 
delay 
28 
50 
63 
75 
ns 
4.5 
Fig. 7 
tPLH 
WE to On 
22 
43 
54 
64 
6.0 


tPHLI 
74 
250 
315 
375 
2.0 
propagation 
delay 
27 
50 
63 
75 
ns 
4.5 
Fig. 7 
tPLH 
On to On 
22 
43 
54 
64 
6.0 


tPzHI 
3-state output 
enahle time 
39 
150 
190 
225 
2.0 
14 
30 
38 
45 
ns 
4.5 
Fig. 9 
tPZL 
RE to On 
11 
26 
33 
38 
6.0 


tpHzI 
3-state output 
disable ti me 
47 
150 
190 
225 
2.0 
17 
30 
38 
45 
ns 
4.5 
Fig. 9 
tPLZ 
RE to On 
14 
26 
33 
38 
6.0 


14 
60 
75 
90 
2.0 
tTHLI 
output 
transition 
tl me 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 
4 
10 
13 
15 
6.0 


80 
14 
100 
120 
2.0 
tw 
write enable pulse width 
16 
5 
20 
24 
ns 
4.5 
Fig. 8 
LOW 
14 
4 
17 
20 
6.0 


60 
3 
75 
90 
2.0 
tsu 
set-up time 
12 
1 
15 
18 
ns 
4.5 
Fig. 8 
On to WE 
10 
1 
13 
15 
6.0 


60 
6 
75 
90 
2.0 
tsu 
set-up time 
12 
2 
15 
18 
ns 
4.5 
Fig. 8 
WA. W8 to WE 
10 
2 
13 
15 
6.0 


5 
0 
5 
5 
2.0 
th 
hold time 
5 
0 
5 
5 
ns 
4.5 
Fig. 8 
On to WE 
5 
0 
5 
5 
6.0 


5 
0 
5 
5 
2.0 
th 
hold time 
5 
0 
5 
5 
ns 
4.5 
Fig. 8 
WA.W8 
toWE 
5 
0 
5 
5 
6.0 


100 
28 
125 
150 
2.0 
tlatch 
latch time 
20 
10 
25 
30 
ns 
4.5 
Fig. 8 
WE to RA. RB 
17 
8 
21 
26 
6.0 
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74HC/HCT670 


MSI 


DC CHARACTERISTICS 
FOR 74HCT 
For the DC characteristics 
see chapter 
"HCMOS 
family characteristics". 
section 
"Family 
specifications". 


Output 
capability: 
bus driver 
ICC category: 
MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(/lICC) for a unit load of 1 is given in the family specifications. 


To determine 
/lICC per input. 
multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Qn 
0.25 
WE.WA 
0.40 


Ws 
0.60 


INPUT 
UNIT LOAD 
COEFFICIENT 


RA 
0.70 
&l 
1.10 
RE 
1.35 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 p F 


Tamb (OCl 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
--40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation 
delay 
21 
40 
50 
60 
ns 
4.5 
Fig.6 
tPLH 
RA. RS to On 


tPHL/ 
propagation 
delay 
28 
50 
63 
75 
ns 
4.5 
Fig.7 
tpLH 
WE to On 


tPHL/ 
propagation 
delay 
27 
50 
63 
75 
ns 
4.5 
Fig.7 
tpLH 
Dn to On 


tPZH/ 
3-state output 
enable time 
18 
35 
44 
53 
ns 
4.5 
Fig.9 
tpZL 
RE to On 


tpHZ/ 
3-state output 
disable time 
19 
35 
44 
53 
ns 
4.5 
Fig.9 
tPLZ 
RE to On 


tTHL/ 
output 
transition 
ti me 
5 
12 
15 
18 
ns 
4.5 
Fig. 6 
tTLH 


tw 
write enable pulse width 
18 
9 
23 
27 
ns 
4.5 
Fig.8 
LOW 


tsu 
set-up time 
12 
4 
15 
18 
ns 
4.5 
Fig. 8 
Dn to WE 


tsu 
set-up time 
12 
-2 
15 
18 
ns 
4.5 
Fig.8 
WA. WB to WE 


th 
hold time 
5 
-1 
5 
5 
4.5 
Fig. 8 
Dn to WE 
ns 


th 
hold time 
5 
0 
5 
5 
4.5 
Fig.8 
WA. WB toWE 
ns 


tlatch 
latch time 
25 
11 
31 
38 
4.5 
Fig.8 
WE to RA. RB 
ns 
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Fig. 6 
Waveforms 
showing 
the read address input 


(RA' 
RB) to output 
lonl 
propagation 
delays 
and 


output 
transition 
time!;. 


----- 
tlatch ----~If 


_________________ 
v_M~"f 


90% 


RE 
INPUT 
VM(l) 


'0% 


an 
OUTPUT 


LOW-Io-OFF 
OFF-la-lOW 


an OUTPUT 


HIGH-Io-OFF 


OFF-to-HIGH 


0"""'' _.1__ 
outputs 
enabled 
disabled 


Fig. 9 
Waveforms 
showing 
the read enable 
(REI 
to 


output 
IOn) 
enable 
and disable 
times, 
and the read 
enable 
pulse width. 


FJ..9,...7Waveforms 
showing 
the write 
enable 
input 
(WE) 
and data input 
(On) to output 
(Onl 


propagation 
delays, 
and the write 
enable 
pulse width. 


Note 
to 
Fig. 8 


The shaded areas indicate when the input is permitted 
to change 
for predictable 
output 
performance. 


The time 
allowed 
for 
the internal 
output 
of the latch 
to assume the state of the new data 
(tlatchl 
is 
important 
only 
when 
attempting 
to read from 
a 
location 
immediately 
after 
that 
location 
has received 


new data. This parameter is measured from the 
falling 
edge of WE to the rising 
edge of 
RA or RB' 


RE must 
be LOW. 


Fig. 8 Waveforms showing the write address input 
(W A, WB) and data input 
(On) 
to write 
enable 
(WE) 
set·up, 
hold 
and latch 
times. 


Note 
to AC waveforms 


(1) 
HC 
: VM 
= 50%; VI = GND 
to VCC· 


HCT: 
VM 
= 1.3Y;YI 
=GNo 
t03Y. 
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FEATURES 


• 
Compare 
two 8-bit 
words 


• 
Output 
capabil ity: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT688 
are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). 
They are specified in 
compliancewithJEOEC 
standard no. 7A. 


The 74HC/HCT688 
are 8-bit 
magnitude comparators. They perform 
comparison of two 8-bit binary or 
8CO words. 
The output 
provides P = 0. 


74HC/HCT688 


MSI 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation~y 
CL = 15 pF 
17 
Pn, On to P =° 
17 
ns 
tpLH 
E to p-;;;-Q" 
VCC= 
5 V 
8 
12 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CPO 
power dissipation 
notes 1 and 2 
30 
30 
pF 
capacitance per package 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in J1.W): 


Po = CPO x VCC' 
x fi + L (CL x VCC' 
x fa) where: 


fi 
= input frequency in MHz 
CL 
output 
load capacitance in pF 


fa 
= output 
frequency in MHz 
VCC 
= supply voltage in V 


k (CL x VCC' x fa) = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC -1.5 
V 


PACKAGE 
OUTLINES. 


20-lead DI L; plastic (SOT1461. 


20-/ead mini-pack; plastic (S020; SOT163Al. 


PIN NO. 
SYMBOL 
NAME ANO FUNCTION 


1 
E 
enable input (active LOW) 


2.4.6,8,11, 
Po to P7 
word 
inputs 


13.15.17 


3,5,7,9,12, 
00 to 07 
word 
inputs 


14,16,18 


10 
GNO 
ground (0 V) 


19 
P = Q 
equal to output 


20 
VCC 
positive supply voltage 


1 
01 
COMP 
, 


0 
, 
, 
'0 
• 
, 
'1 
• 
• 
" 
11 
• 
'3 
11 
" 


13 


13 
's 
15 
15 '. 


17 


17 
" 
(P-Oll 
" 
'. 


"0 
" 
3 
3 
°0 
5 
°1 
S 
, 
0, 
, 
• 
°3 
• 
12 
a. 
17 
° 
" 
Os 
" 
10 
°0 
I. 
0, 
10I. 


1ZI18'6 
lZ878!15.1 


Fig. 1 Pin configuration. 
Fig_2 Logic symbol. 
Fig. 3 IEC logic symbol. 
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74HC/HCT688 


MSI 


INPUTS 
OUTPUT 


DATA 
ENABLE 
Pn, an 
E 
I'="Q 


P = Q 
L 
L 


X 
H 
H 
P>Q 
L 
H 


P<Q 
L 
H 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 


'''"'''119861( 


l 
_ 
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74HC/HCT688 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation 
delay 
55 
170 
215 
255 
2.0 
20 
34 
43 
51 
ns 
4.5 
Fig. 6 
tPLH 
Pn, Qn to P = Q 
16 
29 
37 
43 
6.0 


tPHL/ 
propagation 
delay 
28 
120 
150 
180 
2.0 


tpLH 
E to P = Q 
10 
24 
30 
36 
ns 
4.5 
Fig. 7 
8 
20 
26 
31 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 


output transition time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
6 
13 
16 
19 
6.0 
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74HC!HCT688 


MSI l 
- 


DC CHARACTERISTICS 
Fan 
74HCT 


For the DC characteristics 
see chapter 
"HCMOS family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


Note 
to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) for a unit load of 1 is given in the family specifications. 


To determine 
61CC per input, 
multiply 
this value by the unit load coefficient 
shown in the table below. 


UNIT lOAD] 
COEFFICIENT 


0.35 
0.35 
0.70 


AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; Cl 
= 50 pF 


Tamb (OCl 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHl/ 
propagation 
delay 
20 
34 
43 
51 
ns 
4.5 
Fig. 6 
tplH 
Pn, On to P = a 


tpHl/ 
propagation 
delay 
18 
24 
30 
36 
ns 
4.5 
Fig. 7 
tPlH 
E to P = a 


tTHl/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTlH 
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8_-_b_it_m_a_9_n_it_u_O_. 
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74HC/HCT688 


MSI 


,,~-{~~"A\ 


P:() 
OUTPUT 
vM(l) 


lZ878912 
-- 
__ tTLH 
__ 
-ITHL 


Fig. 6 Waveforms showing the enable input (E"! 
to the equal to output (P = QI propagation 
delays and the output transition times. 


Fig. 7 Waveforms showing the word inputs (Pn, 
Qn) to the equal to output (P = Q) propagation 
delays and the output transition times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


APPLICATION 
INFORMATION 


Two or more "688" 8·bit magnitude comparators may be cascadedto compare binary or BCD numbers of more than 8 bits. 
An example is shown in Fig. 8. 


AO 
{ 
"B 
Ao, 
{ 


.BB 
Ao { 


A-B 
A-B 
A-B 


output 


Bo 
{ 


8MSB 


BO,{ 
Bo { 


Blse 


enil~le 
enable 
enable 


Input 
input 
Input 


Fig. B Binary or BCD comparator. 
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• 
Output 
capability: 
standard 
• 
ICC category: 
SSI 


The 74HC/HCT4002 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with "4002" 
of the 
"4000B" 
series.They are specified in 


compliance with JEDEC standard no. 7A. 
The 74HC/HCT4002 provide the 
4-input NOR function. 


74HC/HCT4002 


SSI 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPH l/ 
propagation delay 
Cl=15pF 
9 
11 
ns 
tPlH 
nA, nB, nC, nD to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
16 
22 
pF 
capacitance 
per gate 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlW): 


PD = CPD x VCC' x fi + l: (Cl x VCC' x fol where; 


fi 
= input frequency in MHz 
Cl 
output load capacitance in pF 


fa = output frequency in MHz 
VCC = supply voltage in V 


l: (Cl x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


14-leadDI L; plastic 150T271. 


14-leadmini-pack; plastic (5014; SOT1DBAI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,13 
lY,2Y 
data outputs 


2,9 
lA,2A 
data 
inputs 


3,10 
1B,2B 
data inputs 


4,11 
1C,2C 
data 
inputs 


5,12 
1D,2D 
data 
inputs 


6,8 
n.c. 
not connected 


7 
GND 
ground (0 V) 


14 
VCC 
positive supply voltage 
o 


74HC/HCT4002 


551 


A~ 


B 


-y 


~ 
1Z9J1B8 


Fig. 5 
Logic diagram 
74HC401l2 
(one gate). 
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INPUTS 
OUTPUT 


nA 
nB 
nC 
nD 
nY 


L 
L 
L 
L 
H 


H 
X 
X 
X 
L 


X 
H 
X 
X 
L 
X 
X 
H 
X 
L 


X 
X 
X 
H 
L 


H = HIGH 
voltage 
level 
L = LOW voltage 
level 


X = don't 
care 
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74HC/HCT4002 


SSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics seechapter "HCM05 
family characteristics", 
section "Family 
specifications". 


Output capability: 
standard 
ICC category: 55 I 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 
to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
30 
100 
125 
150 
2.0 
11 
20 
25 
30 
ns 
4.5 
Fig. 7 
tpLH 
nA, nB, nC, nD to nY 
9 
17 
21 
26 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 


output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 
6 
13 
16 
19 
6.0 
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- 


DC CHARACTERISTICS 
FOB 74HCT 
For the DC characteristics seechapter "HCMOS family characteristics", section "Family 
specifications". 


Output capability: standard 
ICC category: SSI 


Note to HCT types 


The value of additional quiescent supply current (LlICC) for a unit load of 1 is given in the family specifications. 
To determine LlICC per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD j 
COEFFICIENT 


0.45 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SVMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPH L/ 
propagation delay 
13 
22 
28 
33 
ns 
4.5 
Fig. 7 


tpLH 
nA, nB, nC, nO to nV 


tTHL/ 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 


tTLH 


Fig. 7 Waveforms showing the input (nA, nB, 
nC, nO) to output (nV) propagation delays and 
the output transition times. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC· 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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74HC/HCT4015 


MSI 


FEATURES 


• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4015 
are high-speed 


Si-gate CMOS devices and are pin 
compatible with the "4015" 
of the 
"4000B" 
series. They are specified in 


compliance with JEDEC standard no. 7A. 


The74HC/HCT4015 
are dual edge- 


triggered 4-bit static shift registers 
(serial-to-parallel converters). Each shift 
register has a serial data input (1 D and 
2Dj, a clock input (lCP and 2CP), four 
fully buffered parallel outputs 
(1QO to 


1Q3 and 2QO to 2Q3) and an overridin!l 
asynchronous master reset (1M Rand 
2MR). Information 
present on nD is 
shifted to the first register position, and 
all data in the register is shifted one 
position to the right on the LOW-to-HIGH 
transition 
of nCP, A HIGH on nMR cle"rs 
the register and forces nQO to nQ3 to 
LOW, independent of nCP and nD, 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpHLI 
propagation delay 


CL = 15 pF 
16 
18 
ns 
tPLH 
nCP to nQn 


fmax 
maximum 
clock 
frequency 
VCC = 5 V 
110 
74 
MHz 


CI 
input 
capacitance 
3.5 
3,5 
pF 


CpD 


power 
dissipation 
notes 1 and 2 
35 
40 
pF 
capacitance 
per 
register 


Notes 


1, CPD is used to determine the dynamic power dissipation (PD in I'WI: 


PD = CPD x VCC' 
x fi + 1: (CL x VCC' 
x fo) where: 


fi 
= input frequency in MHz 
CL 
output 
load capacitance in pF 


fo 
= output frequency in MHz 
VCC 
= supply voltage in V 


1: (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DIL: plastic (SOT38ZI. 


16-lead mini-pack: plastic (5016: SOT109Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


5,4,3,10 
100 to 1Q3 
flip-flop 
outputs 


6,14 
lMR,2MR 
asynchronous master reset inputs (active HIGH) 


7,15 
lD,2D 
serial data inputs 


8 
GND 
ground (0 V) 


9,1 
lCP,2CP 
clock inputs (LOW·to-HIGH, 
edge-triggered) 


13,12,11,2 
2QO to 2Q3 
flip-flop 
outputs 


16 
VCC 
positive supply voltage 


100 
10 
,0, 


1CP 
10, 


1M' 
10, 
10 


'00 
13 
15 
'0 
'0, 
12 
'a, 
11 


'CP 
'a, 
'M' 


" 


lZ96783 
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'DO ~ 
7 
'0 
'0, 
i.. 


SHIFT 


REGISTER 
'02 !. 


9 
'CP 
10, 
1£ 
, 
'MR 


200 
13 
15 
2D 
2O, 
!1 
SHIFT 


REGISTER 
2°2 
C!. 
, 
2CP 
2O, 
!... 


14 
2MR 


INPUTS 
OUTPUTS 


n 
nCP 
nO 
nMR 
nOD nO, 
nCl2 n03 


1 t 
°1 
L 
°1 
X 
X 
X 
2 t 
°2 
L 
°2 
°1 
X 
X 
3 t 
°3 
L 
°3 
°2 
°1 
X 


4 t 
°4 
L 
°4 
°3 
°2 
°1 
~ 
X 
L 
I no CI~nge 
X 
X 
H 
L 
L 
L 
I L 


H 
= HIGH voltage 
level 


L 
= LOW voltage 
level 


X 
= don't 
care 
t 
= LOW-to-HIGH 
clock transition 


~ 
= HIGH-to-LOW 
clock transition 
n 
= number 
of clock 
pulse transitions 


On = either 
HIGH or LOW 


L"" 
.. 


Fig 5 
Logic diagram 
(one 4-blt senal-rn/parallel-out 


shift reglsterl 


• 
Serial-to-parallel 
converter 
• 
Buffer 
stores 
• 
General 
purpose 
register 
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PC74HC/HCT4015 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
52 
175 
220 
265 
2.0 
19 
35 
44 
53 
ns 
4.5 
Fig.6 
tPLH 
nCP to nQn 
15 
30 
37 
45 
6.0 


propagation delay 
44 
175 
220 
265 
2.0 


tpHL 
16 
35 
44 
53 
ns 
4.5 
Fig.7 
nMR to nQn 
13 
30 
37 
45 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
17 
100 
120 
2.0 


tw 
HIGH or LOW 
16 
6 
20 
24 
ns 
4.5 
Fig.6 


14 
5 
17 
20 
6.0 


master 
reset pulse width 
80 
17 
100 
120 
2.0 
tw 
HIGH 
16 
6 
20 
24 
ns 
4.5 
Fig. 7 


14 
5 
17 
20 
6.0 


removal 
time 
60 
17 
75 
90 
2.0 
trem 
nMR to nCP 
12 
6 
15 
18 
ns 
4.5 
Fig. 7 


10 
5 
13 
15 
6.0 


set· up time 
60 
8 
75 
90 


I ns 


2.0 
tsu 
nD to nCP 
12 
3 
15 
18 
4.5 
Fig.8 


10 
2 
13 
15 
6.0 


hold time 
5 
0 
5 
5 
2.0 


th 
nD to nCP 
5 
0 
5 
5 
ns 
4.5 
Fig.8 


5 
0 
5 
5 
6.0 


maximum 
clock 
pulse 
6.0 
33 
4.8 
4.0 
2.0 


fmax 
30 
100 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
35 
119 
28 
24 
6.0 


74HC!HCT4015 


MSI l 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent supply current (t>ICCI for a unit load of 1 is given in the family specifications. 
To determine t>ICC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


nD 
nMR 
nCP 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf ~ 6 ns;CL = E;O pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation delay 
21 
35 
44 
53 
ns 
4.5 
Fig. 6 
tpLH 
nCP to nOn 


tpHL 
propagation delay 
18 
35 
44 
53 
ns 
4.5 
Fig. 7 
nMR to nOn 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


tw 
clock pulse width 
16 
7 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tw 
master 
reset pulse width 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 
HIGH 


trem 
removal 
time 
20 
10 
25 
30 
4.5 
Fig. 7 
nMR to nCP 
ns 


tsu 
set-up time 
12 
4 
15 
18 
ns 
4.5 
Fig. 8 
nD to nCP 


th 
hold time 
5 
-2 
5 
5 
4.5 
Fig. 8 
nD to nCP 
ns 


fmax 
maximum 
clock 
pulse 
30 
67 
24 
20 
MHz 
4.5 
Fig. 6 
frequency 
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74HC/HCT4015 


MSI 


_'PHL_k 
'PLHt- 


VMlll 
------- 


tTHl- 
- 
tTlH 


Fig. 6 Waveformsshowing the clock (nCP) to output (nOn) 
propagation delays, the clock pulse width, the output 
transition 
times and the maximum 
clock 
frequency. 


~~_r"" l 


Note to Fig. 8 


The shadedareasindicate when the input is permitted to 
changefor predictable output performance. 


Fig.7 
Waveforms showing the master reset (nMRI pulse 
width, the master reset to output (nOnl propagation delay 
and the master resetto clock (nCPI removal time. 


_----J 


• 
Low "ON" 
resistance: 
160 n (typ.) 
at VCC = 4.5 V 
120 n (typ.) 
at VCC = 6.0 V 


80 
n (typ.) 
at VCC = 9.0 V 


• 
Individual 
switch 
controls 


• 
Typical 
"break 
before 
make" 
built 
in 
• 
Output 
capability: 
non-standard 
• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4016 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with the "4016" 
of the 


"4000B" 
series. They are specified 
in 


compliance 
with JEDEC 
standard 
no. 7A. 


The 74HC/HCT4016 
have four 
independent 
analog switches 
(transmission 


gates). 
Each switch has two input/output 
terminals 
(Yn, Zn) and an active 
HIGH 


enable 
input 
(Enl. When En is connected 
to VCC, a low bidirectional 
path between 


Ynand 
Zn is established 
(ON condition). 


When En is connected 
to ground 
(GNDI. 


the switch 
is disabled 
and a high 


impedance 
between 
Ynand 
Zn is 
established 
(OFF condition). 


Current 
through 
a switch 
will 
not cause 


additional 
VCC current 
provided 
the 
voltage at the terminals 
of the switch 
is 
maintained 
within 
the supply 
voltage 
range; VCC ~ (Vy, 
VZ) ~ GND. 


Inputs 
Ynand 
Zn are electrically 
equivalent 
terminals. 


74HC/HCT4016 


SSI 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpZH/ 
turn "ON" 
time 
16 
17 


tpZL 
En to Vos 
CL=15pF 


ns 


tpHZ/ 


RL = 1 kD 


turn "OFF" 
time 
VCC = 5 V 
14 
20 


tpLZ 
En to Vos 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 
1 and 2 
12 
12 
pF 


capacitance 
per switch 


Cs 
max. switch capacitance 
5 
5 
pF 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in IlW): 


PD = CPD x VCC' 
x fj + L {(CL + CS) x VCC' 
x fo: 
where: 


fi = input frequency 
in MHz 
CL 
= output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
Cs 
= max. switch capacitance 
in pF 
L {(CL + CS) x VCC' 
x fo) = sum of outputs 
VCC = supply 
voltage 
in V 


2. For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 
1.5 V 


14-lead 01 L: plastic (SOT27), 


14-lead mini-pack; plastic (S014; SOT108A), 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,4,8,11 
YO to Y3 
independent 
inputs/outputs 


7 
GND 
ground 
(0 V) 


2,3,9,10 
Zo to Z3 
independent 
inputs/outputs 


13,5,6,12 
EO to E3 
enable 
inputs 
(active HIGH) 


14 
VCC 
positive supply 
voltage 


"I( O",mb" 
1990 
799 
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• 
Signal gating 


• 
Modulation 
• 
Demodulation 
• 
Chopper 


INPUT 
CHANNEL 
En 
IMPEDANCE 


L 
high 
H 
low 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+11.0 
V 


±IIK 
DC digital input diode current 
20 
mA 
for VI < -0.5 V or VI> 
VCC + 0.5 V 


±ISK 
DC switch 
diode 
current 
20 
mA 
for Vs < -0.5 Vor Vs > VCC + 0.5 V 


±IS 
DC switch current 
25 
mA 
for-0.5 
V < VS<VCC 
+0.5 V 


±ICC; 
DC VCC or GND current 
50 
mA 
±IGND 


Tstg 
storage temperature 
range 
-65 
+150 
·C 


Ptot 
power 
dissipation 
per package 
for temperature range: -40 to +125 °c 
74HC/HCT 


plastic DI L 
750 
mW 
above+70 ·C: derate linearly with 12 mW/K 


plastic mini·pack (SO) 
500 
mW 
above +70·C: derate linearly with 8 mW/K 


Ps 
power 
dissipation 
per switch 
100 
mW 


74HC 
74HCT 


SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 
min. 
typo 
max. 
min. 
typo 
max. 


VCC 
DC supply voltage 
2.0 
5.0 
10.0 
4.5 
5.0 
5.5 
V 


VI 
DC input 
voltage 
range 
GND 
VCC 
GND 
VCC 
I V 


Vs 
DC switch 
voltage 
range 
GND 
VCC 
GND 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+85 
-40 
+85 
·C 
seeDC and AC 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+125 
-40 
+125 
·C 
CHARACTERISTICS 


1000 
VCC = 2.0 V 


tr,tf 
input 
rise and fall times 
6.0 
500 
6.0 
500 
ns 
VCC=4.5V 


400 
VCC=6.0V 


250 
VCC = 10.0 V 


'I( Mocoh 1988 
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DC CHARACTERISTICS 
FOR 74HC/HCT 


For 74HC: 
VCC = 2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: 
VCC = 4.5 V 


Tamb 1°C) 
TEST CONDITIONS 


74HC/HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
IS 
Vis 
VI 


+25 
-40 to +85 
-40to+125 
V 
jlA 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


- 
- 
- 
- 
n 
2.0 
100 
VCC 
VIH 
160 
320 
400 
480 
n 
4.5 
1000 
RON 
ON resistance (peak) 
120 
240 
300 
360 
n 
6.0 
1000 
to 
or 


85 
170 
213 
255 
n 
9.0 
1000 
GND 
VIL 


160 - 
- 
- 
n 
2.0 
100 
VIH 
80 
160 
200 
240 
n 
4.5 
1000 
RON 
ON resistance (rail) 
70 
140 
175 
210 
n 
6.0 
1000 
GND 
or 


60 
120 
150 
180 
n 
9.0 
1000 
VIL 


170 - 
- 
- 
n 
2.0 
100 
VIH 
90 
180 
225 
270 
n 
4.5 
1000 
RON 
ON resistance (rail) 
80 
160 
200 
240 
n 
6.0 
1000 
VCC 
or 


65 
135 
170 
205 
n 
9.0 
1000 
VIL 
- 
n 
2.0 
VCC 
VIH 
maximum .60N resistance 
16 
n 
4.5 
/IRON 
between 
any two 
channels 
12 
n 
6.0 
to 
or 


9 
n 
9.0 
GND 
VIL 


Notes to DC characteristics 


1. At supply voltages approaching 2.0 V the analog switch ON· resistance becomes extremely non·linear. Therefore it is recommended 
that these devices be used to transmit digital signals only, when using these supply voltages. 
2. For test circuit measuring RON see Fig. 6. 
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Fig. 9 Typical RON asa function of input voltage 
Vis for Vis = 0 to Vcc. 
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DC CHARACTERISTICS 
FOR 74HC 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 
2.0 


VIH 
HIGH level input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 


4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.3 
6.3 
6.3 
g.O 


0.8 
0.50 
0.50 
0.50 
2.0 


VIL 
LOW level input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 
2.8 
1.80 
1.80 
1.80 
6.0 
4.3 
2.70 
2.70 
2.70 
9.0 


0.1 
1.0 
1.0 
6.0 
VCC 
±II 
input 
leakage 
current 
0.2 
2.0 
2.0 
p.A 
10.0 
or 
GND 


analog switch OFF·state 
VIH 
IVSI= 
±IS 
current 
per channel 
0.1 
1.0 
1.0 
p.A 
10.0 
or 
VCC - 
GND 
VIL 
(see Fig. 7) 


analog switch ON·state 
VIH 
1VSI= 
±IS 
current 
0.1 
1.0 
1.0 
p.A 
10.0 
or 
VCC - GND 
VIL 
{see Fig. 81 


2.0 
20.0 
40.0 
6.0 
VCC 
Vis = GNDor 
ICC 
quiescent 
supply 
current 
4.0 
40.0 
80.0 
p.A 
10.0 
or 
VCC; Vos = 
GND 
VCC or GND 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 


+ 25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


17 
60 
75 
90 
2.0 


tPHL/ 
propagation delay 
6 
12 
15 
18 
4.5 
RL =00; CL = 50 pF 
tpLH 
Vis to Vos 
5 
10 
13 
15 
ns 
6.0 
(see Fig. 16) 


4 
8 
10 
12 
9.0 


52 
190 
240 
235 
2.0 


tpZH/ 
turn "ON" 
time 
19 
38 
48 
57 
4.5 
RL=1 
kU;CL=50pF 


tpZL 
En to Vos 
15 
32 
41 
48 
ns 
6.0 
(see Figs 17 and 18) 


11 
28 
35 
42 
9.0 


47 
145 
180 
220 
2.0 


tpHZ/ 
turn "OFF" 
time 
17 
29 
36 
44 
4.5 
RL = 1 kU; CL = 50 pF 
tPLZ 
En to Vos 
14 
25 
31 
38 
ns 
6.0 
(see Figs 17 and 18) 


13 
22 
28 
33 
9.0 
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DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referencedto GND (ground = a V) 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


4.5 


VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 


4.5 


VIL 
LOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


VCC 


±II 
input 
leakage current 
0.1 
1.0 
1.0 
J.lA 
5.5 
or 
GND 


analog switch OFF-state 
VIH 
1VSI= 
±IS 
current 
per channel 
0.1 
1.0 
1.0 
J.lA 
5.5 
or 
Vee - GND 
VIL 
(seeFig. 7) 


analogswitch ON·state 
VIH 
1VSI= 
±IS 
0.1 
1.0 
1.0 
J.lA 
5.5 
or 
Vee - GND 
current 
VIL 
(seeFig. 8) 


4.5 
VCC 
Vis = GNDor 


Ice 
Quiescent 
supply 
current 
2.0 
20.0 
40.0 
J.lA 
to 
or 
Vee; Vos = 
5.5 
GND 
Veeor 
GND 


additional 
quiescent 
supply 
4.5 
other 
inputs 


Ll1ee 
current 
per input 
pin for 
100 
360 
450 
490 
J.lA 
to 
Vee 
at Vee or 
unit 
load coefficient 
is 1 
-2.1 V 
(note 1) 
5.5 
GND 


Note 
1. The value of additional quiescent supply current (Lllce) for a unit load of 1 is given here. 


To determine Lllee per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
6 
12 
15 
18 
ns 
4.5 
RL =oo;CL = 50pF 


tPLH 
Vis to Vos 
(see Fig. 161 


tpZH 
turn "ON" time 
19 
35 
44 
53 
ns 
4.5 
RL = 1 kfl; CL = 50 pF 
En to Vos 
(see Figs 17 and 18) 


tpZL 
turn "ON" 
time 
20 
35 
44 
53 
ns 
4.5 
RL ~ 1 kfl; CL = 50 pF 
EntoVos 
(seeFigs 17 and 18) 


tpHzl 
turn "0 FF" time 
23 
35 
44 
53 
ns 
4.5 
RL=1 kfl;CL=50pF 


tPLZ 
En to Vos 
(seeFigs 17 and 18) 


SYMBOL 
PARAMETER 
typo 
UNIT 
VCC 
Vis(p-p) 
CONDITIONS 
V 
V 


sine~wave distortion 
0.80 
% 
4.5 
4.0 
RL = 10 kfl; CL = 50 pF 
f =1 kHz 
0.40 
% 
9.0 
8.0 
Isee Fig. 14) 


sine-wave 
distortion 
2.40 
% 
4.5 
4.0 
RL = 10 kfl; CL = 50 pF 
f=10kHz 
1.20 
'10 
9.0 
8.0 
(see Fig. 141 


switch "OF F" signal 
-50 
dB 
4.5 
note 1 
RL = 600 fl; CL = 50 pF; 


feed·through 
-50 
dB 
9.0 
f = 1 MHz (seeFigs 10 and 15) 


cross tal k between 
-60 
dB 
4.5 
note 1 
RL = 600 fl; CL = 50 pF; 


any two switches 
-60 
d8 
9.0 
f = 1 MHz Isee Fig. 12) 


crosstalk voltage between 
RL~600fl;CL=50pF; 


VIp-pI 
enable 
or address input 
110 
mV 
4.5 
f = 1 MHz (En, square wave 
to any switch 
220 
mV 
9.0 
between VCC and GND, 
(peak·to-peak value) 
tr = tf = 6 ns) (seeFig. 13) 


fmax 


minimum 
frequency 
response 
150 
MHz 
4.5 
note 2 
RL=50fl;CL= 
10pF 


(-3dB) 
160 
MHz 
9.0 
(seeFigs 11 and 14) 


Cs 
maximum switch capacitance 
5 
pF 


General 
note 


Vis is the input voltage at a Ynor Zn terminal, whichever is assigned as an input. 
Vas 
is the output 
voltage 
at a Y nor 
Zn terminal, 
whichever 
is assigned as an output. 


Notes 


1. Adjust input voltage Vis to 0 dBm level (0 dBm = 1 mW into 600 fll. 
2. Adjust input voltage Vis to 0 dBm level at Vos for 1 MHz (0 dBm = 1 mW into 50 fll. 
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Fig. 10 Typical switch 
"OFF" 
signal 
feed·through 
as a function 
of frequency. 


Note to Figs 10 and 11 


Test conditions: 
VCC = 4.5 V; GND = 0 V; 
RL = 50 rI.; Rsource 
= 1 krl.. 


74HC/HCT4016 


SSI 
l 
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Note to Fig. 13 


The crosstalk is defined as follows 
(oscilloscope outputl: 


~VI~PI 


1Z9J9"9 


Fig. 
14 
Test circuit 
for measuring 
sine-wave 
distortion 
and minimum 
frequency 
response. 


Fig. 15 Test circuit for measuringswitch "OFF" 
signal feed-through. 
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Fig. 16 Waveforms 
showing 
the input 
(Vis) to 
output 
(Vas) 
propagation 
delays. 


Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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TEST 
SWITCH 
Vis 


tpZH 
GND 
VCC 


tpZL 
VCC 
GND 


tPHZ 
GND 
VCC 


tpLZ 
VCC 
GND 


others 
open 
pulse 


Definitions 
for Figs 18 and 19: 


CL 
= 
load capacitance 
includin£ 
jig and 


probe 
capacitance 
(see AC CHARACTERISTICS 
for 


values!. 


RT = 
termination 
resistance 
should 
be equal 
to the output impedance Zo of the 
pulse generator. 
tr 
tf = 6 ns; when measuring fmax, there 
is no constraint 
on tr• tf with 50% 
duty factor. 


NEGATIVE 


INPUT 


PULSE 
,w-----tb= 
1 


AMPLITUDE 
90" 


VM 
'0" 
~ 
-~'T~H-L-"-f'----'-TL-H-'-"-' 
_~ 
:.- 
ov 


POSITIVE 


INPUT 


PULSE 


tr; tf 


FAMILY 
AMPLITUDE 
VM 
fmax; 


PULSE WIDTH 
OTHER 


74HC 
VCC 
50% 
< 2 ns 
6 ns 


74HCT 
3.0 V 
1.3 V < 2 ns 
6 ns 
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74HC/HCT 
4017 


MSI 


• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4017 are high-speed 
si-gate CMOS devicesand are pin 
compatible with the "4017" 
of the 
"4000B" 
series.They are specified in 
compliance with JEDEC standard no, 7A. 
The 74HC/HCT4017 are 5·stage 
Johnson decadecounters with 10 decoded 
active HIGH outputs (QOto Q9), an 
active lOW output from the most 
significant flip·flop 
(05-9), active HIGH 


and active LOW clock inputs (CPOand 
CP1) and an overriding asynchronous 
master reset input (MR), 


The 
counter 
is advanced 
by either 
a 
lOW·to·HIGH 
transition at CPa while 
CPl is lOW or a HIGH·to·LOW 
transition at CP1 while CPa is HIGH 
(seealso function table). 


When cascadingcounters, the 05-9 
output, which is LOW while the counter 
is in states 5, 6, 7, Band 9, can be used 
to drive the Cpa input of the next 
counter. 


A HIGH on MR resetsthe counter to zero 
(QO= 05-9 = HIGH; Ql to Q9 = lOW) 
independent of the clock inputs (CPOand 
CP1), 


Automatic 
code correction 
of the counter 


is provided 
by an internal 
circuit: 
following any illegal code the counter 
returns 
to a proper 
counting 
mode 
within 


11 clock pulses. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tpHL/ 
propagation delay 
20 
21 
ns 
tpLH 
CPa, CP1 to Qn 
CL=15pF 
VCC = 5 V 
fmax 
maximum 
clock 
frequency 
77 
67 
MHz 


CI 
input 
capacitance 
3,5 
3,5 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
35 
36 
pF 
capacitance 
per package 


Notes 


1, CPD is usedto determine the dynamic power dissipation (PD in j.tW): 


PD = CPD x VCC' 
x fi + l: (Cl x VCC' x fol where: 
fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC 
= supply voltage in V 
~ (Cl x VCC' x fo) = sum of outputs 


2, For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16·leadDI L; plastic-(SOT38ZI. 
16-leadmini-pack; plastic (5016; SOT109AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


3,2,4,7,10, 
QOto Q9 
decoded outputs 
1,5,6,9,11 


8 
GND 
ground (0 V) 


12 
°5·9 
carry output (active LOW) 
13 
CP1 
clock input (HIGH·to·LOW, edge·triggered) 


14 
CPa 
clock input (LOW·to·HIGH, edge·triggered) 


15 
MR 
master reset input lactive HIGH) 


16 
VCC 
positive supply voltage 


ao 
a, 
a, 
a, 


04 
10 
as 
a, 
a, 
a, 


09 
11 


Q5_90-12 
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MR 
CPo 
CP, 
OPERATION 


H 
X 
X 
QO = Q5-9 = H; 
Q1 to Q9 = L 


L 
H 
~ 
counter advances 


L 
t 
L 
counter advances 


L 
L 
X 
no change 


L 
X 
H 
no change 


L 
H 
t 
no change 


L 
~ 
L 
no change 


13 
EP, 


14 
CPo 
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H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH 
clock transition 


~ = HIGH-to-LOW 
clock transition 
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Output capability: 
standard 


ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V;tr= 
tf =6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
63 
230 
290 
345 
2.0 


23 
46 
58 
69 
ns 
4.5 
Fig.9 
tPLH 
CPOto On 
18 
39 
49 
59 
6.0 


tPHLI 
propagation delay 
63 
230 
290 
345 
2.0 
23 
46 
58 
69 
ns 
4.5 
Fig. 9 
tPLH 
CPOto 05.9 
18 
39 
49 
59 
6.0 


tPHLI 
propagation 
delay 
61 
250 
315 
375 
2.0 


22 
50 
63 
75 
ns 
4.5 
Fig. 9 
tPLH 
CP1 to On 
18 
43 
54 
64 
6.0 


tPHLI 
propagation delay 
61 
250 
315 
375 
2.0 


22 
50 
63 
75 
ns 
4.5 
Fig. 9 
tpLH 
CP1 to 05.9 
18 
43 
54 
64 
6.0 


propagation delay 
52 
230 
290 
345 
2.0 


tPHL 
MR to 01-9 
19 
46 
58 
69 
ns 
4.5 
Fig. 8 


15 
39 
49 
59 
6.0 


propagation delay 
55 
230 
290 
345 
2.0 


tpLH 
MR to 05·9. 00 
20 
46 
58 
69 
ns 
4.5 
Fig. 8 
16 
39 
49 
59 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.9 


tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
17 
100 
120 
2.0 


tw 
HIGH or LOW 
16 
6 
20 
24 
ns 
4.5 
Fig.8 


14 
5 
17 
20 
6.0 


master reset pulse 
80 
19 
100 
120 
2.0 


tw 
width; HIGH 
16 
7 
20 
24 
ns 
4.5 
Fig. 8 


14 
6 
17 
20 
6.0 


removal 
t1me 
5 
-17 
5 
5 
2.0 


trem 
MR to CPO.CP1 
5 
-6 
5 
5 
ns 
4.5 
Fig. 8 


5 
-5 
5 
5 
6.0 


set-up time 
50 
-8 
65 
75 
2.0 


tsu 
CP1 to CPO; 
10 
-3 
13 
15 
ns 
4.5 
Fig. 7 
CPOto CP1 
9 
-2 
11 
13 
6.0 


hold time 
50 
17 
65 
75 
2.0 


th 
~OtoCP1; 
10 
6 
13 
15 
ns 
4.5 
Fig.7 
CP1 to CPO 
9 
5 
11 
13 
6.0 


maximum 
clock pulie 
6.0 
23 
4.8 
4.0 
2.0 


fmax 
frequency 
30 
70 
24 
20 
MHz 
4.5 
Fig. 8 


25 
83 
28 
24 
6.0 


PC74HC/HCT4017 


MSI 


Output capability: standard 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent supply current (I'>ICCI for a unit load of 1 is given in the family specifications. 
To determine I'>ICCper input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICI ENT 


CP1 
0.40 
CPa 
0.25 
MR 
0.50 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
25 
46 
58 
69 
ns 
4.5 
Fig. 9 
tPLH 
CPato Qn 


tPHLI 
propagation delay 
25 
46 
58 
69 
ns 
4.5 
Fig. 9 
tPLH 
CPOto 05-9 


tPHLI 
propagation delay 
25 
50 
63 
75 
ns 
4.5 
Fig. 9 
tPLH 
CP1 to Qn 


tpHLI 
propagation delay 
25 
50 
63 
75 
ns 
4.5 
Fig. 9 
tpLH 
CP1 to 05-9 


tpHL 
propagation delay 
22 
46 
58 
69 
ns 
4.5 
Fig. 8 
MRtoQl_9 


tPLH 
propagation delay 
20 
46 
58 
69 
ns 
4.5 
Fig. 8 
MR to 05-9, QO 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 9 
tTLH 


tw 
clock pulse width 
16 
7 
20 
24 
ns 
4.5 
Fig. 8 
HIGH or LOW 


tw 
master reset pulse 
16 
4 
20 
24 
ns 
4.5 
Fig. 8 
width; HIGH 


trem 


removal 
ti me 
5 
-5 
5 
5 
ns 
4.5 
Fig. 8 
MR to Cpa, CP1 


set-up time 
tsu 
CP1 to CPa; 
10 
-3 
13 
15 
ns 
4.5 
Fig.7 
CPo to CP1 


hold time 
th 
CPOto CP1; 
10 
6 
13 
15 
ns 
4.5 
Fig. 7 
CP1 to Cpa 


fmax 


maximum 
clock 
pulse 
30 
61 
24 
20 
MHz 
4.5 
Fig.8 
frequency 
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MSI 
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Fig. 7 Waveforms showing hold and set-up times for CPO to 
CP, and CP, to CPO. 


\'- 


~. 
8 Waveformsshowing the IT inimum pulse widths for CPO, 
CP, and MR inputs; the recover~ time for MR and the 
propagation delays for MR to Or and 05-9 outputs. 


~. 
9 Wave.!.ormsshowing the propagation delays for CPO, 


CP, to On, 05-9 outputs and the output transition times. 


Note to Figs 8 and 9 


Conditions: 
CP, = LOW while CPO is triggered on a LOW-to-HIGH 
transition and CPO = HIGH, while i::P, is triggered on a 
HIGH-to-LOW transition. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


74HC/HCT4017 


MSI 


Some applications for the "4017" 
are: 


• 
Decadecounter with decimal decoding 
• 
lout 
of n decoding counter (when cascaded) 
• 
Sequential controller 
• 
Timer 


Figure 10 shows a technique for extending the number of 
decoded output states for the "4017". 
Decoded outputs are sequential within each stageand from 
stageto stage.with no dead time (except propagation delay). 


Note to Fig. 10 


It is essentialnot to enable the counter on CP1 
when CPOis HIGH. or on CPOwhen CP1 is LOW. 
as this would cause an extra count. 


Figure 11 shows an example of a divide-by 2 through divide-by 10 circuit using one "4017". 
Since "4017" 
hasan asynchronous reset, 


the output pulse widths are narrow (minimum expected pulse width is 6 ns). The output pulse widths can be enlarged by inserting 
a RC network at the MR input. 


divide· by 5 
as 
VCC 
VCC 
a, 
M. 


00 
cPo 
fin 


divide-by 2 
0, 
CP1 


4017 


dividll·by6 
a, 
°5_9 
divide-by 
10 


divide-by 
7 
a, 
a, 
divide-by 9 


divide-by 
3 
a, 
divide-by 4 
a, 
divide- 
by8 


fout 
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• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC!HCT 4020 are high-speed 
Si-gateCMOS devicesand are pin 
compatible with the "4020" 
of the 


"4000B" 
series.They are specified in 


compliance with JEDEC standard no. 7A. 


The 74HC!HCT4020 are 14-stage 
binary ripple counters with a clock input 
(CPI, an overriding asynchronous master 
reset input (MR) and twelve fully 
buffered parallel outputs (00, 03 to 0131. 


The counter is advanced on the HIGH·to- 
LOW transition of CP. 


A HIGH on MR clears all counter stages 
and forces all outputs LOW, independent 
of the state of CP. 


Each counter stage is a static toggle 
flip-flop. 


74HC/HCT4020 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation delay 


tPHL! 
CP to 00 
11 
15 
ns 


tpLH 
On to 0n+l 
CL=15pF 
6 
6 
ns 


MR to Qn 
VCC = 5 V 
17 
19 
ns 


fmax 
maximum 
clock 
frequency 
101 
52 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
19 
20 
pF 
capacitance 
per package 


GND = 0 V; Tamb = 25 PC;tr = tf = 6 ns 


Notes 


1. CPD is used to determine the dynamic power dissipation (PD in J1.W): 


PD = CPD x VCC' x fi + ~ (CL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 
L (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC -1.5 
V 


PACKAGE 
OUTLINES 


16-lead01L; plastic (SOT38ZI. 
16-leadmini-pack: plastic (S016; SOT109Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


9,7,5,4,6, 
13,12,14,15, 
00, Q3 to013 
parallel outputs 
1,2,3 
8 
GND 
ground (0 V) 


10 
CP 
clock input (HIGH-to-LOW, edge-triggered) 


11 
MR 
master reset input (active HIGH) 


16 
VCC 
positive supply voltage 


00 
03 


RCTR14 
9 
7 
a. 
+ 
s 
a, 
CT.a 
• 
'a 
CP 
a. 
6 
a, " 
13 
a. " 
Cl 
'2 
" 
MR 
a. 
1. 
" 
0'0 
lS 
15, 


03 
CP 
a" 
2 
a" 
3 
a" 


13 


MGM29 


1293381 


Fig. 1 Pin configuration. 
Fig.2 
Logic symbol. 
Fig.3 
IEC logic symbol. 


74HC/HCT4020 


MSI 
l~ 
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INPUTS 
OUTPUTS 


CP 
MR 
00,03 
to 013 


t 
L 
no change 
• 


L 
count 


X 
H 
L 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW·to·HIGH clock transition 


• 
= HIGH·to·LOW clock transition 


RD 
___--.J 


8 
16 
32 
64 
128 
256 
512 
1024 
2048 
4096 
8192 
16384 
CP 
INPUT 
Ln...rLrUU U U U U U U U U U U U U 


MR 
INPUT 
-, 
_ 


00 
OUTPUT 
_~ 
L L L L L L L L L L L L L 


O,OUTPUT 
_. 
IL 
L L L L L L L L L L 


O,OUTPUT 
_. 
~IL 
L L L L L L L L L 


°5DUTPUT 
--- 
~IL L L L L L L L L 


O.DUTPUT 
-.--- 
IL 
L L L L L L L 


a, OUTPUT 
---- 
IL 
L L L L L L 


O,DUTPUT 
------------ 
IL L L L L L 


O,OUTPUT 
----------- 
~IL L L L L 


010 
OUTPUT ---------------------~IL 
L L L 


a" OUTPUT 
-------------- 
.....JILL L 


012 
OUTPUT 
---------------- 
~IL L 


°13 
OUTPUT 
------------------- 
IL 


74HC/HCT4020 


MSI 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 
to +125 
V 


min. 
typ, 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation deiay 
39 
140 
175 
210 
2.0 
14 
28 
35 
42 
ns 
4.5 
Fig.7 
tpLH 
CP to QO 
11 
24 
30 
36 
6.0 


tPHL/ 
propagation delay 
22 
75 
95 
110 
2.0 
8 
15 
19 
22 
ns 
4.5 
Fig.7 


tpLH 
Qn to Qn+l 
6 
13 
16 
19 
6.0 


propagation deiay 
55 
170 
215 
225 
2.0 


tPHL 
MR to Qn 
20 
34 
43 
51 
ns 
4.5 
Fig.8 
16 
29 
37 
43 
6.0 


tTHL/ 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.7 
tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
11 
100 
120 
2.0 
tw 
HIGH or LOW 
16 
4 
20 
24 
ns 
4.5 
Fig.7 


14 
3 
17 
20 
6.0 


master reset pu 150 width 
80 
17 
100 
120 
2.0 


tw 
16 
6 
20 
24 
ns 
4.5 
Fig.8 
HIGH 
14 
5 
17 
20 
6.0 


removal 
time 
50 
6 
65 
75 
2.0 


trem 
MR to CP 
10 
2 
13 
15 
ns 
4.5 
Fig.8 
9 
2 
11 
13 
6.0 


maximum 
clock 
pulse 
6.0 
30 
4.8 
4.0 
2.0 


fmax 
30 
92 
24 
20 
MHz 
4.5 
Fig.7 
frequency 
35 
109 
28 
24 
6.0 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output capability: 
standard 
ICC category: 
MSI 


Note to HCT types 


The value of additional 
quiescent ;upply current (l>ICC) for a unit load of 1 is given in the family specifications. 
To determine l>ICC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


UNIT LOAD~ 
COEFFICIENT 


0.85 
1.10 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCl 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
18 
36 
45 
54 
ns 
4.5 
Fig. 7 
tPLH 
CP to QO 


tpHLI 
propagation delay 
8 
15 
19 
22 
ns 
4.5 
Fig. 7 
tPLH 
Qn to Qn+1 


tpHL 
propagation delay 
22 
45 
56 
68 
ns 
4.5 
Fig.8 
MR to Qn 


tTHLI 
output 
transition 
ti'TIe 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 


tw 
clock pu Isewidth 
20 
7 
25 
30 
ns 
4.5 
Fig.7 
HIGH or LOW 
I 


tw 
master reset pulse width 
20 
8 
25 
30 
ns 
4.5 
Fig. 8 
HIGH 


removal 
time 
10 
2 
13 
15 
4.5 
Fig. 8 
trem 
MR to CP 
ns 


fmax 
maximum 
clock 
pulse 
25 
47 
20 
17 
MHz 
4.5 
Fig.7 
frequency 


74HC/HCT4020 


MSI 


Fig. 7 Waveforms showing the clock (CPI to 
output (Qn) propagation delays, the clock 
pulse width, the output transition times and the 
maximum 
clock 
frequency. 


Fig.8 
Waveforms showing the master reset (MRj 
pulse width, the master reset to output (Qnl 
propagation delays and the master reset to clock 
(CPI removal time. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 
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• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4024 
are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4024" 
of the 


"4000B" 
series. They are specified in 
compliance withJEOEC 
standard no. 7A_ 


The 74HC/HCT4024 
are 7-stage 


binary ripple counters with a clock input 
(CP'!. an overriding asynchronous master 
reset input (MR) and seven fully 
buffered parallel outputs (QO to Q6)' 


The counter advances on the HIGH-to- 
lOW transition 
of CPo 


A HIGH on MR clears all counter stages 
and forces all outputs LOW, independent 
of the state of CP_ 


Each counter stage is a static toggle 
flip-flop. 


Schmitt-trigger 
action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 


• 
Frequency 
dividing 
circuits 
• 
Time delay circuits 


74HC/HCT4024 


MSI 


TYPICAL 


SYMBOL 
PARAMETER 
CONOITIONS 
UNIT 


HC 
HCT 


tpH LI 
propagation delay 
tpLH 
CP to QO 
CL = 15 pF 
14 
14 
ns 


VCC = 5 V 
fmax 
maximum 
clock 
frequency 
90 
70 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 
power 
dissipation 
notes 1 and 2 
25 
27 
pF 
capacitance 
per package 


GNO = 0 V; Tamb = 25 °C;tr 
=tf 
= 6 ns 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in IlW): 


Po = CPO x VCC' 
x fi + 1: (CL x VCC' 
x fol where: 


fi 
= input frequency in MHz 
CL 
outPut load capacitance in pF 


fo 
= output 
frequency in MHz 
VCC 
= supply voltage in V 


~ (CL x VCC' x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI = GNO to VCC -1.5 
V 


PACKAGE 
OUTLINES 


14-lead Oil; 
plastic 
(SOT27). 


14-lead mini-pack; 
plastic 
(5014; 
SOT108A). 


PIN NO_ 
SYMBOL 
NAME ANO FUNCTION 


1 
CP 
clock input (HIGH-to-LOW, 
edge-triggered) 


2 
MR 
master reset input (active HIGH) 


12,11,9,6, 
QO to Q6 
parallel outputs 
5,4,3 


7 
GNO 
ground (0 V) 


8,10,13 
n.c. 
not connected 


14 
VCC 
positive supply voltage 


°0 
12 


CTR7 
12 


1-0 
CP 
0, 
11 
0, 
°3 


CT-O 


MR 
0, 
CT 


Os 
°G 


7Z93873 


(December 
1990 


i 


74HC/HCT4024 


MSI 


INPUTS 
OUTPUTS 


CP 
MR 
an 


t 
L 
no change 
+ 
L 
count 


X 
H 
L 


H = HIGH voltage 
level 
L = LOW voltage level 
X = don't 
care 
t = LOW-to-HIGH 
clock transition 
+ = HIGH-to-LOW 
clock transition 
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DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = a V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation delay 
47 
175 
220 
265 
2.0 


tPLH 
CP to 00 
17 
35 
44 
53 
ns 
4.5 
Fig.6 
14 
30 
37 
45 
6.0 


propagation delay 
63 
200 
250 
300 
2.0 
tPHL 
MR to 00 
23 
40 
50 
60 
ns 
4.5 
Fig.6 


18 
34 
43 
51 
6.0 


tPHL/ 
propagation delay 
25 
80 
100 
120 
20 


tPLH 
On to 0n+l 
9 
16 
20 
24 
ns 
4.5 
Fig.6 
7 
14 
17 
20 
6.0 


tTHL/ 


19 
75 
95 
110 
2.0 


tTLH 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
17 
100 
120 
2.0 
tw 
HIGH or LOW 
16 
6 
20 
24 
ns 
4.5 
Fig.6 


14 
5 
17 
20 
6.0 


master reset pulse width 
80 
22 
100 
120 
2.0 
tw 
HIGH 
16 
8 
20 
24 
ns 
4.5 
Fig.6 


14 
6 
17 
20 
6.0 


removal 
time 
50 
6 
65 
75 
2.0 
trem 
MR to CP 
10 
2 
13 
15 
ns 
4.5 
Fig. 6 
9 
2 
11 
13 
6.0 


maximum 
clock 
pulse 
6.0 
27 
4.8 
4.0 
2.0 
fmax 
frequency 
30 
82 
24 
20 
MHz 
45 
Fig.6 
35 
98 
28 
24 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 
For the DC characteristics seechapt"r "HCMDS family characteristics". section "Family specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent supply current (/lICC) for a unit load of 1 is given in the family specifications. 
To determine /lICC per input. multiply 
this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


CP 
0.75 
MR 
0.85 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
17 
35 
44 
53 
ns 
4.5 
Fig. 6 
tPLH 
CPto 00 


tpHL 
propagation delay 
21 
40 
50 
60 
ns 
4.5 
Fig. 6 
MR to 00 


tPHLI 
propagation delay 
9 
16 
20 
24 
ns 
4.5 
Fig. 6 
tpLH 
On to 0n+1 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


tw 
clock pulse width 
16 
9 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 


tw 
master 
reset pulse wiclth 
16 
6 
20 
24 
ns 
4.5 
Fig 6 
HIGH 


trem 
removal time 
10 
0 
13 
4.5 
Fig. 
MR to CP 
15 
ns 
6 


fmax 
maximum clock pulse 
30 
64 
24 
20 
MHz 
4.5 
Fig.6 
frequency 
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• 


- 
-"HL 


aOorQn 


OUTPUT 
r 
-- 
__ 
tTLH 
f' 


VMlll 


__ 
.•... tTHL 


Fig. 6 Waveforms 
showing the clock (CP) to output 
(On) 
propagation 
delays, the clock pulse width. 
the output 
transition 
times and the maximum 
clock 
frequency. 


Also showing the master 
reset (MR) pulse width. the 
master 
reset to output 
IOn) propagation 
delays and the 
master 
reset to clock 
('Er) 
removal 
time. 
Note to AC waveforms 


(1) HC 
: VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


___ 
-J 
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• 
Output 
capability: 
standard 
• 
Ice category: 
MSI 


The 74HC/HCT4040 are high-speed 
si-gate CMOS devices and are pin 
compatible with the "4040" 
of the 
"4000B" 
series.They are specified in 


compliance with JEOEC standardno. 7A. 


The 74HC/HCT4040 are 12-stage 
binary ripple counters with a clock input 
(CPl. an overriding asynchronous master 
reset input (MR) and twelve parallel 
outputs (00 to 011). 


The counter advanceson the HIGH·to- 
LOW transition of CPo 


A HIGH on MR clears all counter stages 
and forces all outputs LOW, independent 
of the state of CPo 


Each counter stageis a static toggle 
flip-flop. 


• 
Frequency dividing 
circuits 
• 
Time delay circuits 
• 
Control 
counters 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tpHL/ 
propagation delay 


CP to 00 
CL=15pF 
14 
16 
ns 


tPLH 
On to 0n+1 
VCC = 5 V 
8 
8 
ns 


fmax 
maximum 
clock 
frequency 
90 
79 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPO 


power dissipation 
notes 1 and 2 
20 
20 
pF 
capacitance 
per package 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PO in I'W): 


Po = CPOx VCC' x fi + L ICL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fa = output frequency in MHz 
VCC = supply voltage in V 
.l; (CL x VCC' x fa) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DI L; plastic (sOT38Z). 
16·lead mini-pack; 
plastic (5016; 
SOT109A), 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


8 
GND 
ground (0 VI 


9,7,6,5,3, 
2,4,13,12, 
00 to 011 
parallel outputs 


14,15,1 


10 
CP 
clock input (HIGH-to·LOW, edge-triggered) 


11 
MR 
master reset input (active HIGH) 


16 
VCC 
positive supply voltage 


00 
CTR12 


a, 
10 


0'0 
a, 
11 
cr-o 
03 


'0 
cp 
a, 
as 
a. 
CT 


11 
MR 
a, 
13 
13 
08 
12 
12 
c;; 
A. 
14 
14 


0'0 
,S 
15 
011 


11 
7Z93811 


7Z93878 
lZ93879.1 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 


74HC/HCT4040 l 


MSI 
"'-..• 
_ 


RD 
______ 
-1 


1 
2 
4 
8 
16 
32 
64 
128 
256 
512 
1024 
2048 
4096 


<Pinput l..fUl..JlJU U U U U u 1S1SU 1Sl- 


MRinput 
~ 
_ 


00 ----...f"l..- L.L L L L L L L L L l- 


a, 
~IL.L L L L L L L L L l- 


a, 
J·L LL L L LL L Ll- 


03 
.rL 
L LL L L L L l- 


a, 
rL 
L L L L L L l- 


as 
. __ 
.rL L L L L L l- 


a. 
. 
rL 
L L L L l- 


a, 
. 
.rL L L L l- 


a. 
. 
rL 
L L l- 


ag 
---- 
rL 
L l- 


atO 
--- 
.rL 
l- 


a" --------- 
.rl- 


INPUTS 
OUTPUTS 


CP 
MR 
On 


t 
L 
no change 


.j. 
L 
count 
X 
H 
L 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH 
clock transition 


.j. = HIGH-to-LOW 
clock transition 


____ 
'_2_-s_t_a_ 


g 


e_b_in_a_r_ 


Y 


_r_i_ 


p 


_ 


p 


_'e_co_u_n_te_r 
J 
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Output capability: 
standard 
Icc category: MSI 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation delay 
47 
150 
190 
225 
2.0 
17 
30 
38 
45 
ns 
4.5 
Fig. 7 


tpLH 
CP to 00 
14 
26 
33 
38 
6.0 


tPHL/ 
propagation delay 
28 
100 
125 
150 
2.0 
10 
20 
25 
30 
ns 
4.5 
Fig. 7 
tPLH 
On to 0n+l 
8 
17 
21 
26 
6.0 


propagation delay 
61 
185 
230 
280 
2.0 
tPHL 
22 
37 
46 
56 
ns 
4.5 
Fig. 7 
MR to On 
18 
31 
39 
48 
6.0 


tTHL/ 
19 
75 
95 
110 
2.0 


output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 


tTLH 
6 
13 
16 
19 
6.0 


clock pulse width 
80 
14 
100 
120 
2.0 
tw 
16 
5 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 
14 
4 
17 
20 
6.0 


master reset pulse 
80 
22 
100 
120 
2.0 
tw 
16 
8 
20 
24 
ns 
4.5 
Fig. 7 
width; 
HIGH 
14 
6 
17 
20 
6.0 


/. 
50 
8 
65 
75 
2.0 
removal 
time 
trem 
MR to CP 
10 
3 
13 
15 
ns 
4.5 
Fig. 7 
9 
2 
11 
13 
6.0 


maximum 
clock 
pulse 
6.0 
27 
4.8 
4.0 
2.0 
fmax 
frequency 
30 
82 
24 
20 
MHz 
4.5 
Fig. 7 
35 
98 
28 
24 
6.0 
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Output capability: standard 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent supply current (6ICCl for a unit load of 1 is given in the family specifications. 
To determine 6 ICC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


CP 
0.85 


MR 
1.10 


AC CHARACTERISTICS 
FOR :l4HCT 


GND = 0 V; tr= tf =6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
19 
40 
50 
60 
ns 
4.5 
Fig. 7 
tPLH 
CPto 00 


tPHLI 
propagation delay 
10 
20 
25 
30 
ns 
4.5 
Fig. 7 
tpLH 
On to 0n+1 


tpHL 
propagation delay 
23 
45 
56 
68 
ns 
4.5 
Fig. 7 
MR to On 


tTH LI 
output 
transition 
tirre 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 


tw 
clock pulse width 
16 
7 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 


tw 
master reset pulse 
16 
6 
20 
24 
ns 
4.5 
Fig. 7 
width; HIGH 


trem 
removal 
ti me 
10 
2 
13 
15 
4.5 
Fig. 7 
MR to CP 
ns 


fmax 


maximum 
clock 
pulse 
30 
72 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 


12-stage binary ripple counter 
J 


---- 


74HC/HCT4040 


MSI 


Lj"'" 


-- 
__ 
tTLH 


Fig. 7 Waveforms 
showing 
the clock (CP) to output 
(Onl 


propagation 
delays. the clock pulse width, the output 


transition 
times 
and the maximum 
clock 
pulse frequency. 


Also showing the master 
reset (M R) pulse width, the 
master 
reset to output 
(Onl propagation 
delays and the 
master 
reset to clock (CP) removal time. 


Note to AC waveforms 


(11 HC 
: VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V, 


'I( M,~h 
1988 


____ 
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FEATURES 


• 
Low power 
consumption 
• 
Centre 
frequency 
of up to 
17 MHz 
(typ.) 
at VCC = 4.5 V 


• 
Choice 
of three 
phase 
comparators: 
EXCLUSIVE·OR; 
edge-triggered 
JK flip-flop; 
edge-triggered 
RS flip-flop 
• 
Excellent 
VCO frequency 
linearity 
• 
VCO-inhibit 
control 
for ON/OFF 


keying 
and for 
low standby 
power 
consumption 
• 
Minimal 
frequency 
drift 
• 
Operating 
power 
supply 
voltage 
range: 
VCO 
section 
3.0 to 6.0 V 
digital 
section 
2.0 to 6.0 V 


• 
Zero 
voltage 
offset 
due to op-amp 


buffering 


• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4046A 
are high'speed 
si-gate 
CMOS devices and are pin 
compatible 
with the "4046'" 
of the 


'"4000B'" 
series. They are specified 
in 


compliancewithJEDECstandard 
no. 7A. 


The 74HC/HCT4046A 
are phase-Iocked- 
loop circuits that comprise a linear 
voltage-controlled 
oscillator 
(VCO) and 
three different 
phase comparators 
(PC1, 


PC2 and PC3) with a common 
signal input 
amplifier and a common comparator input. 


74HC/HCT4046A 


MSI 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


C1 =40pF 
fo 
VCO centre 
frequency 
R1 = 3 kl1 
19 
19 
MHz 
VCC = 5 V 


CI 
input capacitance 
(pin 51 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 
1 and 2 
24 
24 
pF 
capacitance 
per package 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in j.LW): 


PD = CPD x VCC' 
x fi + 1; (CL x VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
VCC 
= supply voltage 
in V 


L (CL x VCC' 
x fo) = sum of outputs 
2. Applies 
to the phase comparator 
section 
only (VCO disabled). 


For power dissipation 
of the VCO and demodulator 
sections 
see Figs 22. 23 and 24. 


PACKAGE 
OUTLINES 


16-lead 
DI L; plastic 
(S0T38Z). 


16-lead 
mini-pack; 
plastic 
(5016; 
SOT109A). 


The signal input can be directly 
coupled 
to large voltage signals, or indirectly 
coupled 
(with 
a series capacitor) 
to small 
vOltage signals. A self-bias input circuit 
keeps small voltage signals within 
the linear 
region 
of the input 
amplifiers. 
With 
a 
passive low·pass filter, the '"4046A'" 
forms 
a second-order 
loop PLL. The excellent 
VCO linearity 
is achieved 
by the use of 
linear op'amp 
techniques. 


(continued 
on next page) 


• 
FM modulation 
and demodulation 


• 
Frequency 
synthesis 
and 
multiplication 
• 
Frequency 
discrimination 


• 
Tone 
decoding 


• 
Data 
synchronization 
and 
conditioning 


• 
Voltage-to-frequency 
conversion 


• 
Motor-speed 
control 


PC' OUT 


Vcc 
COMP1N 
<l> 
PC30UT 
,S 
Pll 
PC30UT 
" 
4046A 
PC20UT 
'3 
pc, 
SlG1N 
14 


SIGN 
'3 
PCPOUT 
pcz 


COMP 
PC3 
15 


PC20UT 


CX 
PCP 
R, 
C1. 


C', 
CX 


R, 
VCOOUT 
RX 
n '0 
vco 
12 
OEM 
OEMOUT 
RX 
12 
R, 
9 n 
#. 
OEMOUT 
'0 
vco 
vco 
VC01N 
s# 
INH 


7296023 
INH 


lZ96015.1 


Fig. 1 
Pin configuration. 
Fig. 2 
Logic symbol. 
Fig. 3 
IEC logic symbol. 
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PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
PCPOUT 
phasecomparator pulse output 


2 
PC10UT 
phasecomparator 1 output 


3 
COMPIN 
comparator 
input 


4 
VCOOUT 
VCO output 


5 
INH 
inhibit input 


6 
C1A 
capacitor 
C1 connection 
A 


7 
C1B 
capacitor 
C1 connection 
8 


8 
GND 
ground (0 V) 


9 
VCOIN 
VCO input 


10 
DEMOUT 
demodulator output 


11 
Rl 
. resistor 
R 1 connection 


12 
R2 
resistor 
R2 connection 


13 
PC20UT 
phasecomparator 2 output 


14 
SIGIN 
signal input 


15 
PC30UT 
phasecomparator 3 output 


16 
VCC 
positive supply voltage 


GENERAL 
DESCRIPTION 
(Cont'd) 


VCO 


The vea requires 
one external 
capilcitor 
C1 (between C1A and Cl B) and on" 
external resistor R1 (between R1 and 
GNDI or two external resistors R1 and R2 
Ibetween Rl and GND, and R2 and GND). 
Resistor 
R1 and capacitor 
C1 determine 
the frequency rangeof the VCO. Resistor 
R2 enablesthe VCO to have a freqL ency 
offset if required. 


The high input impedanceof the VCO 
simplifies the designof low·passfilters by 
giving the designera wide choice of 


resistor/capacitor 
ranges. 
In order 
not to 


load the low·passfilter, a demodulator 
output of the VCO input voltage is 
provided at pin 10 1DEMOUT). In contrast 
to conventional 
techniques 
where 
the 
DEMOUT voltage is one threshold voltage 
lower than the VCO input voltage, here 
the DEMOUT voltage equals that of the 
VCO input. If OEMOUT is used,a load 
resistor IRSI should be connected from 
DEMOUT to GND; if unused, DEMOUT 
should be left open. The VCO output 
1VCOOUT) can be connected directly to 
the comparator input ICOMPIN), or 
connected via a frequency-divider_ The 


PC, 
OUT 2 ,,,,, 
PC20UT 
13 
,, 
- 
R3 


PCP OUT 
--' 
1 - 
...... ~ 
,,, 
R4 
,, 


PC30UT 
15 ,, 
C2;t 


VCO output signal hasa duty factor of 
50% (maximum expected deviation 1%), if 
the \'CO input is held at aconstant DC level. 
A LOW level at the inhibit input (INHI 
enablesthe VCO and demodulator, while 
a HIGH level turns both off to minimize 
standby power consumption. 


The only difference between the HC and 
HCT versions is the input level specification 
of the INH input. This input disablesthe 
VCO section. The sections of the 
comparator 
are identical, 
so that 
there 
is 


no difference in the SIGIN Ipin 14) or 
COMPIN (pin 3) inputs between the HC 
and HCT versions. 


Phase comparators 


The signal input (SIGIN) can be directly 
coupled to the self-biasing amplifier at 
pin 14, provided that the signal swing is 
between the standard HC family input 
logic levels_Capacitive coupling is required 
for signals with 
smaller 
swings. 


Phase comparator 
I (pel) 


This is an EXCLUSIVE-OR network. The 
signal and comparator 
input 
frequencies 
Ifi) must have a 50% duty factor to obtain 
the maximum 
locking 
range. The 
transfer 


characteristic of PC1,assuming ripple 
(fr = 2fi) is suppressed,is: 


VDEMOUT = ~(?sIGIN 
- 4>COMPINI 


where VDEMOUT is the demodulator 
output at pin 10; 
VDEMOUT = VpClOUT 
(via low-pass 


filter). 


Phase-locked-loop with vca 
J 


---- 
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I 
I 
II 
I 
I 
1S I 
IIIIII 
II 
\1 
II 
\1 
II 
II 
\I 
\Ii 
_J 
A3 


The 
phase comparator 
gain is: 


Kp = VCC (V/rl. 
tr 
The average output voltage from PCl. fed 
to the VCO input via the low-pass filter 
and seen at the demodulator 
output 
at 
pin 10 (VOEMOUTl. 
is the resultant of 
the phase differences of signals (SIGIN) 
and the comparator input (COMPIN) as 
shown in Fig. 6. The average of VOEMOUT 
is equal to 1/2 VCC when there is no signal 
or noise at SIGIN and with this input the 
VCO oscillates at the centre frequency 
(fol. 
Typical waveforms for the PC1 loop locked 
at fo are shown 
in Fig. 7. 


The frequency capture range (2fc) is 
defined 
as the frequency 
range of input 


signals on which the PLL will lock if it was 
initially 
out-aI-lock. 
The frequency 
lock 
range (21LI is defined asthe Irequency 
range 01 input signals on which the loop 
will stay locked if it was initially 
in lock. 


The capture range is smaller or equal to 
the lock range. 


_vcc 
~ 
-GND 


Fig. 6 Phasecomparator 
1: average 


output voltage versus input phase 
difference: 


VOEMOUT 
= VPClOUT 
= 


~(¢SIGIN 
- 4>COMPINI 


4>OEMOUT = (4)SIGIN - 4>COMPIN). 


Fig. 7 Typical waveforms for PLL using 


phase comparator 
1, loop locked at fa- 
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Phasecomparators (Cont'd) 


With PC1, the capture rangedepends on 
the 
low-pass 
filter 
characteristics 
anj 
can 
be made as large asthe lock range. 
This configuration 
retains 
lock even with 
very 
noisy 
input 
signals. Typical 
behaviour 
of this type of phasecomparator is that it 
can lock to input 
frequencies 
close ':0 the 
harmonics of the VCO centre freqUl,ncy. 


Phase comparator 
2 (PC2) 


This is a positive edge-triggeredph.,;e and 
frequency detector. When the PLL is 
using this comparator, 
the loop 
is 
controlled 
by positive 
signal transitions 
and the duty factors of SIGIN and 
COMPIN are not important_ PC2 
comprises two D-type flip-flops, 
control-gating and a 3-state output !,tage. 
The circuit 
functions 
as an up-down 
counter (Fig. 5) where SIGIN cause:;an 
up-count and COMPIN a down-count. 
The transfer function of PC2,assuming 
ripple (fr = fi) is suppressed,is: 


VOEMOUT = ~(if>sIGIN 
- ¢COMPIN) 


----7 


I 
I 
I 
I 
I 


0° 
+360° 
BOEMOUT 


where VDEMOUT is the demodulator 
output at pin 10; 
VDEMOUT = VPC20UT (via low·pass 
filter). 


The 
phase comparator 
gain is: 
VCC 
Kp=~(Vfr). 


VOEMOUT is the resultant of the initial 
phasedifferences of SIGIN and COMPIN 
asshown in Fig. 8. Typical waveforms for 
the PC2 loop locked at fo are shown in 
Fig.9. 


When the frequencies of SIGIN and 
COMPIN are equal but the phaseof SIGIN 
leadsthat of COMPIN, the p-type output 
driver at PC20UT is held "ON" 
for a time 
corresponding to the phasedifference 
(¢DEMOUT). When the phaseof SIGIN 
lagsthat of COMPIN, the n·type driver is 
held "ON". 


When the frequency of SIGIN is higher 
than that of COMPIN, the p-type output 
driver is held "ON" for most of the input 
signal cycle 
time, 
and for the 
remainder 
of 


the cycle both nand p- type drivers are 
"OFF" 
(3·state). If the SIGIN frequency 


is lower than the COMPIN frequency, then 
it is the n-type driver that is held "ON" 
for most of the cycle. Subsequently, the 
voltage at the capacitor (C2) of the 
low-passfilter connected to PC20UT 
varies until 
the signal and comparator 


inputs are equal in both phase and 
frequency. At this stable point the voltage 
on C2 remains constant asthe PC2 output 
is in 3·state and the VCO input at pin 9 is 
a high impedance. Also in this condition, 
the signal at the phasecomparator pulse 
output (PCPOUT) is a HIGH level and so 
can be usedfor indicating a locked 
condition. 


Thus, for PC2,no phasedifference exists 
between SIGIN and COMPIN over the full 
frequency rangeof the VCO. Moreover, 
the power dissipation due to the low-pass 
filter is reduced becauseboth p and n-type 
drivers are "OFF" 
for most of the signal 


input cycle. It should be noted that the 
PLL lock rangefor this type of phase 
comparator 
is equal 
to the capture 
range 


and is independent 
of the 
low-pass 
filter. 
With no signal present at SIGIN the VCO 
adjusts, via PC2,to its lowest frequency. 


SL JL JL 
~ 
JL SL 


-------------vcc 
J'L------·--------·U---- 
GNO 
1__- high imped~nceOFF ·nate 


Fig.8 
Phasecomparator 2: averageoutput voltage 


versus input 
phase difference: 


VOEMOUT = VPC20UT = 


~(if>sIGIN 
- ¢COMPIN) 


¢OEMOUT = (¢SIGIN - ¢COMPIN)· 


Fig. 9 Typical waveforms for PLL using phase 
comparator 2, loop locked at fa. 


____ 
p_h_a_se_-_lo_c_k_ed_-_lo_O_P_w_it_h_v_C_O 
J 


vcc 
7Z96031 


I 


SIG1N 


VOEMOUT 
(AVl 
I 
I 


COMP1N 


I 


VCOOUT 
1/2 Vec 


I 
I 
PC30UT 


I 
I 
VCOJN 
-Vec 
---1 


1800 
3600 
-GNO 


£JOEMOUT 
1222:138 


Phasecomparator 3 (PC3) 


This 
is a positive 
edge·triggered 
sequential 


phasedetector using an RS-type fl ip-flop. 
When the PLL is using this comparator, 
the loop is controlled by positive signal 
transitions and the duty factors of SIGIN 
and COMPIN are not important. The 
transfer characteristic of PC3, assuming 
ripple Ifr = fi) is suppressed, is: 


VOEMOUT = ~(¢SIGIN 
- ¢COMPIN) 


where VOEMOUT is the demodulator 
output at pin 10; 
VOEMOUT = VpC30UT 
(via low-pass 


filterl. 


74HC/HCT4046A 
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The phasecomparator gain is: 


Kp = VCC (V/r). 


21T 


The averageoutput from PC3, fed to the VCO 
via the low·passfilter and seenat the demod- 
ulator output at pin 10 1VOEMOUT), is 
the resultant of the phasedifferences of 
SIGIN and COMPIN asshown in Fig. 10. 
Typical waveforms for the PC3 loop 
locked at fa are shown in Fig. 11. 


The phase·to-output response 
characteristic of PC3 IFig. 10) differs from 
that of PC2 in that the phaseangle 
between SIGIN and COMPIN varies 
between O·and 360· and is 180· at the 


centre frequency. Also PC3 givesa greater 
voltage swing than PC2 for input phase 
differences but asa consequence the ripple 
content of the VCO input signal is higher. 
The PLL lock range for this type of phase 
comparator 
and the capture 
range are 


dependent on the low·passfilter. With no 
signal present at SIGIN the VCO adjusts, 
via PC3, to its lowest frequency. 


Fig. 10 Phasecomparator 3: averageoutput voltage 
versus input 
phase difference: 


VOEMOUT = VPC30UT = 


~(<PsIGIN 
- ¢COMPIN) 


4>OEMOUT= (4)SIGIN - 4>COMPIN)· 


Fig. 11 Typical waveforms for PLL using phase 
comparator 3, loop locked at fa- 


74HC/HCT4046A 


MSI 


74HC 
74HCT 


SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 
min. 
typo 
max. 
min. 
typo 
max. 


VCC 
DC supply voltage 
3.0 
5.0 
6.0 
4.5 
5.0 
5.5 
V 


VCC 
DC supply voltage if 
2.0 
5.0 
6.0 
4.5 
5.0 
5.5 
V 
VCO section is not Jsed 


VI 
DC input voltage ran'le 
0 
VCC 
0 
VCC 
V 


Vo 
DC output voltage range 
0 
VCC 
0 
VCC 
V 


Tamb 
operating 
ambient 
teTlperature 
range 
-40 
+85 
-40 
+85 
°c 
see DC and AC 


Tamb 
operating 
ambient 
te llperature 
range 
-40 
+125 
-40 
+125 
°c 
CHARACTER ISTICS 


1000 
VCC=2.0V 
tr.tf 
input rise and fall times (pin 51 
6.0 
500 
6.0 
500 
ns 
VCC=4.5V 


400 
VCC=6.0V 


RATINGS 


Limiting 
values in accordance with t,e Absolute Maximum System (I EC 134) 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+7 
V 


±IIK 
DC input 
diode 
currf:nt 
20 
mA 
for VI < -0.5 
V or VI > VCC + 0.5 V 


±IOK 
DC output diode cur'ent 
20 
mA 
for Va < -0.5 
V or Va > VCC + 0.5 V 


±IO 
DC output 
source or sink 
25 
mA 
for -0.5 
V < Va < VCC + 0.5 V 
current 


±ICC: 
DC VCC or GND current 
50 
mA 
±IGND 


Tstg 
storage 
temperature 
range 
-65 
+150 
°c 


power 
dissipation 
per package 
for temperature 
range: -40 
to +125 °c 


74HC/HCT 


Ptot 
plastic DI L 
750 
mW 
above +70 °C: derate linearly with 12 mW/K 


plastic mini-pack (SC) 
500 
mW 
above +70 °C: derate linearly with 8 mW/K 


Phase-locked-loop 
with VCO 
J 


---- 
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DC CHARACTERISTICS 
FOR 74HC 


Ouiescent 
supply 
current 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


quiescent 
supply 
current 
pins 3. 5. and 14 at 'v'CC; 
ICC 
(VCO disabled) 
8.0 
80.0 
160.0 
IJA 
6.0 
pin 9 at GND; II at pins 
3 and 14 to be excluded 


Phase comparator 
section 


Voltages are referenced to GND (ground = 0 VI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


DC coupled 
1.5 
1.2 
1.5 
1.5 
2.0 
VIH 
HIGH level input volta!le 
3.15 
2.4 
3.15 
3.15 
V 
4.5 
SIGIN. COMPIN 
4.2 
3.2 
4.2 
4.2 
6.0 


DC coupled 
0.8 
0.5 
0.5 
0.5 
2.0 


VIL 
LOW level input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 
SIGIN, COMPIN 
2.8 
1.8 
1.8 
1.8 
6.0 


HIGH level output voltage 
1.9 
2.0 
1.9 
1.9 
2.0 
VIH 
-10 
= 20 IJA 
VOH 
PCPOUT, PCnOUT 


4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10 
= 20 IJA 


5.9 
6.0 
5.9 
5.9 
6.0 
VIL 
-10 
= 20 IJA 


HIGH level output voltage 
3.98 
4.32 
3.84 
3.7 
4.5 
VIH 
-10=4.0mA 
VOH 
PCPOUT, PCnOUT 
5.48 
5.81 
5.34 
5.2 
V 
6.0 
or 
-10 
= 5.2 mA 
VIL 


LOW level output voltage 
0 
0.1 
0.1 
0.1 
2.0 
VIH 
10=2OIJA 
VOL 
PCPOUT, PCnOUT 
0 
0.1 
0.1 
0.1 
V 
4.5 
or 
10 =20IJA 


0 
0.1 
0.1 
0.1 
6.0 
VIL 
10=20IJA 


LOW level output voltage 
0.15 
0.26 
0.33 
0.4 
4.5 
VIH 
10 =4.0 mA 
VOL 
V 
or 
PCPOUT, PCnOUT 
0.16 
0.26 
0.33 
0.4 
6.0 
VIL 
10 = 5.2 mA 


3.0 
4.0 
5.0 
2.0 


VCC 
±II 
input leakage current 
7.0 
9.0 
11.0 
3.0 
SIGIN, COMPIN 
18.0 
23.0 
27.0 
IJA 
4.5 
or 


30.0 
38.0 
45.0 
6.0 
GND 


3·state 
VIH 
VO=VCCor 
±IOZ 
OFF-state current 
0.5 
5.0 
10.0 
IJA 
6.0 
or 
PC20UT 
VIL 
GND 


input resistance 
800 
3.0 
VI at self-bias operating 
RI 
SIGIN. COMPIN 
250 
kn 
4.5 
point; 6 VI = 0.5 V; 
150 
6.0 
see Figs 12, 13 and 14 


74HC/HCT4046A 


MSI l 
-- 


DC CHARACTERISTICS 
FOR 74HC 
(Cont'd) 


VCO section 


Voltages are referenced to GND (grc>und= 0 VI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


HIGH level 
2.1 
1.7 
2.1 
2.1 
3.0 


VIH 
input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 


INH 
4.2 
3.2 
4.2 
4.2 
6.0 


LOW level 
1.3 
0.9 
0.9 
0.9 
3.0 


VIL 
input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 


INH 
2.8 
1.8 
1.8 
1.8 
6.0 


HIGH level 
2.9 
3.0 
2.9 
2.9 
3.0 
VIH 
-IO=20/lA 
VOH 
output voltage 
4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10=20/lA 
VCOOUT 
5.9 
6.0 
5.9 
5.9 
6.0 
VIL 
-10 
= 20/lA 


HIGH level 
3.98 
4.32 
3.84 
3.7 
4.5 
VIH 
-10 
=4.0 mA 
VOH 
output voltage 
V 
or 


VCOOUT 


5.48 
5.81 
5.34 
5.2 
6.0 
VIL 
-10 
= 5.2 mA 


LOW level 
0 
0.1 
0.1 
0.1 
3.0 
VIH 
10 = 20/lA 
VOL 
output voltage 
0 
0.1 
0.1 
0.1 
V 
4.5 
or 
10 =20/lA 
VCOOUT 
0 
0.1 
0.1 
0.1 
6.0 
VIL 
10=20/lA 


LOW level 
0.15 
0.26 
0.33 
0.4 
4.5 
VIH 
10 = 4.0mA 
VOL 
output voltage 
0.16 
0.26 
0.33 
0.4 
V 
6.0 
or 
10=5.2mA 
VCOOUT 
VIL 


LOW level output 
0.40 
0.47 
0.54 
4.5 
VIH 
10 =4.0 mA 
VOL 
voltage Cl A, C1B 
0.40 
0.47 
0.54 
V 
6.0 
or 
10 = 5.2 mA 
VIL 


input 
leakage current 
VCC 
±II 
INH, VCOIN 
0.1 
1.0 
1.0 
/lA 
6.0 
or 
GND 


3.0 
300 
3.0 


R1 
resistor 
range 
3.0 
300 
k.Q 
4.5 
note 1 


3.0 
300 
6.0 


3.0 
300 
3.0 


R2 
resistor 
range 
3.0 
300 
k.Q 
4.5 
note 1 
3.0 
300 
6.0 


40 
3.0 


C1 
capacitor range 
40 
no 
pF 
4.5 
40 
limit 
6.0 


over the range 


operating voltage 
1.1 
1.9 
3.0 
specified for R1; 


VVCOIN 
range at VCO IN 
1.1 
3.4 
V 
4.5 
for linearity see 


1.1 
5.9 
6.0 
Figs 20 and 21. 


Note 


1. The parallel 
value of R 1 and R2 should 
be more than 
2.7 kil. Optimum 
performance 
is achieved 
when 
R 1 and/or 
R2 arelis > 10 kn. 
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74HC/HCT4046A 


MSI 


Demodulator section 


Voltages are referenced to GNO (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


50 
300 
3.0 
at RS> 300 kn 


RS 
resistor range 
50 
300 
kn 
4.5 
the leakage current 
can 
50 
300 
6.0 
influence VOEMOUT 


offset voltage 
±30 
3.0 
VI = VVCOIN 
= 1/2 VCC; 


VOFF 
VCOIN to VOEMOUT 
±20 
mV 
4.5 
values taken 
over RS range; 


±10 
6.0 
see Fig. 15 


dynamic 
output 
25 
3.0 


RO 
resistance at OEMOUT 
25 
n 
4.5 
VOEMOUT 
= 1/2 VCC 


25 
6.0 


74HC/HCT4046A l 


MSI 
'-------------------------------------- 


Phase comparator 
section 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max, 
min. 
max. 
min. 
max. 


tpHL/ 
propagation 
delay 
63 
200 
250 
300 
2.0 


SIGIN. COMPIN 
23 
40 
50 
60 
ns 
4.5 
Fig. 16 
tPLH 
to PC10UT 
18 
34 
43 
51 
6.0 


tPHL/ 
propagation delay 
96 
340 
425 
510 
2.0 


SIGIN. COMPIN 
35 
68 
85 
102 
ns 
4.5 
Fig. 16 
tpLH 
to PCPOUT 
28 
58 
72 
87 
6.0 


tPHL/ 
propagation delay 
77 
270 
340 
405 
2.0 


SIGIN. COMPIN 
28 
54 
68 
81 
ns 
4.5 
Fig. 16 


tPLH 
to PC30UT 
22 
46 
58 
69 
6.0 


tpZH/ 
3·state output 
enable 
83 
280 
350 
420 
2.0 


time SIGIN. COMPII, 
30 
56 
70 
84 
ns 
4.5 
Fig. 17 
tpZL 
to PC20UT 
24 
48 
60 
71 
6.0 


tpHZ/ 
3-state output 
disable 
99 
325 
405 
490 
2.0 
time SIGIN. COMPII, 
36 
65 
81 
98 
ns 
4.5 
Fig. 17 
tpLZ 
to PC20UT 
29 
55 
69 
83 
6.0 


tTH L/ 
19 
75 
95 
110 
2.0 


output 
transition 
timE' 
7 
15 
19 
22 
ns 
4.5 
Fig. 16 
tTLH 
6 
13 
16 
19 
6.0 


AC coupled 
input 
sensitivity 
9 
2.0 


Vl(p_p) 
(peak-to-peak value) at 
11 
mV 
3_0 
fi = 1 MHz 
15 
4.5 
SIGIN or COMPIN 
33 
6.0 


VCO section 
GND= 
0 V;tr=tf= 
6 ns;CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 
to +85 
-40to 
+125 
V 


min. 
typo 
max. 
typo I max. 
min. 
max. 


frequency 
stabi Iity 
0.20 
3.0 
VI = VVCOIN 
= 1/2 VCC; 


6f/T 
with temperature 
0.15 
%/K 
4.5 
R1 = 100 k.l1; R2 =~; 
change 
0.14 
6.0 
Cl = 100pF;see 
Fig. 18 


VCO centre frequencII 
3.0 
10.0 
3.0 
VVCOIN 
= 1/2 VCC; 
fo 
(duty factor = 50%) 
11.0 
17.0 
MHz 
4.5 
R1=3k.l1;R2=~; 
13.0 
21.0 
6.0 
Cl = 40 pF; see Fig. 19 


1.0 
3.0 
R1 = 100 k.l1; R2 =~; 


6fVCO 
VCO frequency 
linearity 
0.4 
% 
4.5 
C1 = 100 pF; 


0.3 
6.0 
see Figs 20 and 21 


50 
3.0 


5VCO 
duty factor at VCOOUT 
50 
% 
4.5 
50 
6.0 
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MSI 


DC CHARACTERISTICS 
FOR 74HCT 
Quiescent supply current 


Voltages are referencedto GND (ground = 0 VI 


Tamb (OCI 
TEST CONOITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 


+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


quiescent 
supply 
current 
pins 3. 5 and 14 at VCC; 


ICC 
(VCO disabled) 
8.0 
80.0 
160.0 
p.A 
6.0 
pin 9 at GND; II at pins 
3 and 14 to be excluded 


additional quiescent supply 
current 
per input 
pin for 
4.5 
pins 3 and 14 at VCC; 


e>lCC 
unit load coefficient is 1 
100 
360 
450 
490 
p.A 
to 
pin 9 at GND; II at pins 


(note 1) 
5.5 
3 and 14 to be excluded 
VI=VCC-2.1V 


Note 
1. The value of additional quiescentsupply current (II ICC) for a unit load of 1 is given above. 


To determine IIICC per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


1.00 


74HC/HCT4046A 


MSI 
l,--------------------------------------- 


DC CHARACTERISTICS 
FOR 74HCT 


Phase comparator 
section 


Voltages are referenced to GND (ground ~ 0 V) 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


DC coupled 
VIH 
HIGH level input voltage 
3.15 
2.4 
V 
4.5 


SIGIN, COMPIN 


DC coupled 
VIL 
LOW level input voltage 
2.1 
1.35 
V 
4.5 


SIGIN, COMPIN 


HI GH level output voltage 
VIH 


VOH 
PCPOUT, PCnOUT 


4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-IO=20).lA 
VIL 


HIGH level output voltage 


4.32 


1 


VIH 


VOH 
PCPOUT, PCnOUT 
3.98 
3.84 
3.7 
V 
4.5 
or 
-10=4.0mA 
VIL 


LOW level output 
vollage 
VIH 


VOL 
PCPOUT, PCnOUT 
0 
0.1 
0.1 
0.1 
V 
4.5 
or 
10=20).lA 
VIL 


LOW level output voltage 
VIH 


VOL 
PCPOUT, PCnOUT 


0.15 
0.26 
0.33 
0.4 
V 
4.5 
or 
10 =4.0 mA 
VIL 


input 
leakage 
current 
VCC 
± II 
SIGIN, COMPIN 
30 
38 
45 
).lA 
5.5 
or 
GND 


3-state 
VIH 
Vo = VCC or 
±IOZ 
OFF-state current 
0.5 
5.0 
10.0 
).lA 
5.5 
or 


PC20UT 
VIL 
GND 


input resistance 
VI at self-bias operating 


RI 
SIGIN, COMPIN 
250 
kn 
4.5 
point; 
t> VI = 0.5 V; 
see Figs 12, 13 and 14 
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74HC/HCT 
4046A 


MSI 


DC CHARACTERISTICS 
FOR 74HCT 


VCO section 


Voltages are referenced to GND (ground = 0 VI 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


HIGH level 
4.5 


VIH 
input 
voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 


INH 
5.5 


LOW level 
4.5 


VIL 
input 
voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
INH 
5.5 


HIGH level 
VIH 


VOH 
output voltage 
404 
4.5 
404 
404 
V 
4.5 
or 
-10 
~ 20 IlA 
VCOOUT 
VIL 


HIGH level 
VIH 


VOH 
output voltage 
3.98 
4.32 
3.84 
3.7 
V 
4.5 
or 
-10 
~4.0 mA 
VCOOUT 
VIL 


LOW level 
VIH 


VOL 
output voltage 
0 
0.1 
0.1 
0.1 
V 
4.5 
or 
10=2OIlA 
VCOOUT 
VIL 


LOW level 
VIH 


VOL 
output voltage 
0.15 
0.26 
0.33 
004 
V 
4.5 
or 
10=4.0mA 
VCOOUT 
VIL 


LOW level output 
VIH 


VOL 
voltage Cl A, Cl B 
0040 
0047 
0.54 
V 
4.5 
or 
10=4.0mA 


(test purposes only) 
VIL 


input 
leakage current 
VCC 


± II 
INH, VCOIN 
0.1 
1.0 
1.0 
IlA 
5.5 
or 
GND 


Rl 
resistor range 
3.0 
300 
kfl 
4.5 
note 1 


R2 
resistor range 
3.0 
300 
kfl 
4.5 
note 1 


Cl 
capacitor range 
40 
no 
pF 
4.5 
limit 


over the range 


operating 
voltage 
specified for Rl; 
VVCOIN 
range at VCO IN 
1,1 
304 
V 
4.5 
for linearity 
see 


Figs 20 and 21. 


Note 


1. The parallel value of R1 and R2 should be more than 2.7 kfl. Optimum 
performance is achieved when R1 and/or R2 are/is> 
10 kn. 


74HC/HCT4046A 
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DC CHARACTERISTICS 
FOR 74HCT 


Demodulator 
section 


Voltages are referenced to GND (ground = 0 VI 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


at RS> 300 krl. 


RS 
resistor range 
50 
300 
krl. 
4.5 
the leakage current can 
influence VDEMOUT 


offset voltage 
VI = VVCOIN = 1/2 VCC; 


VOFF 
VCOIN to VDEMOUT 


±20 
mV 
4.5 
values taken 
over 
RS range; 
see Fig. 15 


RD 
dynamic 
output 
25 
rl. 
4.5 
VDEMOUT = 1/2 VCC 
resistance at DEMOl T 
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74HC/HCT4046A 


MSI 


Phase comparator 
section 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 


SIGIN, COMPIN 
23 
40 
50 
60 
ns 
4.5 
Fig. 16 
tpLH 
to PC10UT 


tPHLI 
propagation delay 


SIGIN, COMPIN 
35 
68 
85 
102 
ns 
4.5 
Fig. 16 


tpLH 
to PCPaUT 


tPHLI 
propagation delay 
SIGIN, CaMPIN 
28 
54 
68 
81 
ns 
4.5 
Fig. 16 
tpLH 
to PC3aUT 


tpZHI 
3-state output 
enable 


time SIGIN, CaMPIN 
30 
56 
70 
84 
ns 
4.5 
Fig. 17 
tpZL 
to PC2aUT 


tPHzI 
3-state output disable 
time SIGIN, CaMP IN 
36 
65 
81 
98 
ns 
4.5 
Fig. 17 
tPLZ 
to PC2aUT 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 16 
tTLH 


AC coupled input sensitivity 


VI (p_p) 
(peak-to-peak value) at 
15 
mV 
4.5 
fi = 1 MHz 


SIGIN or CaMPIN 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
typo 
max. 
min. 
max. 


frequency stability 
VI = VVCalN 
within 


61fT 
with temperature 
0.15 
%/K 
4.5 
recommended 
range; 


change 
Rl = 100 kn; 
R2 =~; 
Cl = 100 pF;see Fig. 18b 


fo 
VCa centre frequency 
VVCalN 
= 1/2 VCC; 


(duty factor = 50%) 
11.0 
17.0 
MHz 
4.5 
Rl=3kn;R2=~; 
Cl = 40 pF; see Fig. 19 


R1 = 100 kn; 
R2 =~; 
MVCa 
VCa frequency linearity 
0.4 
% 
4.5 
Cl = 100 pF; 
see Figs 20 and 21 


IiVCa 
duty factor at VCaaUT 
50 
% 
4.5 
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Fig. 12 Typical input resistancecurve at SIGIN. 
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Fig. 14 Input current at SIGIN. COMPIN with 
6 V I = 0.5 V at self-biaspoint. 


Fig. 15 Offset voltage at demodulator output as 
a function of VCOIN and RS. 
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Fig. 16 Waveforms showing input (SIGIN, COMPIN) 
to output (PCPOUT, PCl OUT, PC30UT) propagation 
delays 
and the output 
transition 
ti meso 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to Vc:C' 


74HC/HCT4046A 


MSI 


Fig. 17 Waveforms showing the 3-state enable and 
disable times for PC20UT. 
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Fig.18 
Frequency 
stability 
of the vea as a function 
of ambient 
temperature 
with supply voltage as a parameter. 
--without 
offset 
(R2 = ~): 
(a)Rl 
= 3 kn; (b)Rl 
= 10 kn; (c)R1 = 300 kn. 


-- 
-with 
offset (Rl 
= ~I: 
(a)R2 = 3 kn; (b)R2 
= 10 kn; (c1R2 = 300 kn. 


In (b), the frequency 
stabilitY for Rl = R2 = 10 kn at 5 V is also given (curve 
A). This curve 
is set by the total vea 
bias current, 
and 
is not simply 
the 
addition 
of the two 10 kn stability 
cuves. C1 = 100 p F; VVCO IN = 0.5 VCC' 
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(f) 
R2 = 300 kll 
Rl = 00 


Note to Fig. 18 


To obtain 
optimum 
temperature 
stability, 
Cl must be as small as possible 
but larger than 
100 pF. 


(e) R2= 10kll 


Rl = 00 
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Fig. 19 Graphsshowing 
veo frequency(fveol 
as a function of the 
vea 
input voltage 
(VveoINI. 
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Fig. 20 Definition of VCO frequency linearity: 


f1V = 0.5 V over the VCC range: 


for VCO linearity 


f'0=f';f2, 


f'O - 
fO 
linearity =--ro-x 
100"1, 


Fig. 22 Power dissipation versusthe 
value of A1: CL = 50 pF; A2 = ~; 
VVCOIN 
= 1/2 VCC; Tamb = 25 ·C. 


Fig.21 
Frequency linearity asa function of A1, 


C1 andVCC: 
A2=~andf1V=0.5V. 


Fig. 23 Power dissipation versusthe 
value of A2: CL =50pF; 
A1 =~; 
VVCOIN 
= GND = 0 V; Tamb = 25 ·C. 


~ 


~ 12 
Vec· 
6.0V 


~ 
t- 
4.SV 


J.OV 


Fig. 24 Typical dc power dissipation of 
demodulator sections asa function of AS: 
A1 = A2 = ~; Tamb = 25°C; 
VVCOIN 
= 1/2 VCC· 
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This 
information 
is a guide for the 
approximation 
of values of external 


components 
to be used with the 
74HC/HCT4046A 
in a phase·lock·lcop 
system. 


Referencesshould be made to Figs :19, 
30 and 31 as indicated in the table. 


VCO frequency 
without 
extra 
offset 


VCO frequency 
with extra 
offset 


Values of the selected components 
should be within the following ranges: 


R1 
between 3 kn and 300 kn; 


R2 
between 3 kn and 300 kn; 


R1 + R2 parallel value> 2.7 kn; 


C1 
greater than 40 pF. 


VCO frequency characteristic 


With R2 = ~ and R1 within the range3 kn < R1 < 300 kn, the characteristics of 
the VCO operation will be asshown in Fig. 25. 
IDue to R1,Cl time constant a small offset remains when R2 = ~.I 


0.911 
lJ2VCC 
Vce-O.9V 
Vce 


VC01N 


Fig. 25 Frequency characteristic of VCO operating without 
offset: fa = centre frequency; 2fL = frequency lock range. 


Selection of R1 and C1 


Given fa, determine the values of R1 and C1 using Fig. 29. 


Given fmax and fa. determine the valuesof R1 and Cl using Fig. 29, use Fig. 31 to 
obtain 2f L and then usethis to calculate fmin. 


VCO frequency characteristic 
With R1 and R2 within the ranges3 kn < R1 < 300 kn, 3 kn < R2 < 300 kn. 
the characteristics of the VCO operation will be asshown in Fig. 26. 


0.9V 
1/2vce 
"'cc-O.9II 
vce 


VC01N 


Fig. 26 Frequency characteristic of VCO operating with 
offset: fa = centre frequency; 2fL = frequency lock range. 


Selection of R1, R2 and C1 


Given fa and fl. 
determine the value of product R1Cl by using Fig. 31. 
Calculate foff from the equation foff = fa - 
1.6fl. 


Obtain the valuesof C1 and R2 by using Fig. 30. 
Calculate the value of R1 from the value of C1 and the product Rle1- 
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SUBJECT 
PHASE 
DESIGN CONSIDERATIONS 
COMPARATOR 


PLL conditions 
PCI 
VCO adjusts to fa with ¢OEMOUT = 90 


0 and VVCOIN = 1/2 VCC (see Fig. 6). 
with no signal at 
PC2 
VCO adjusts to fa with ¢OEMOUT = -360 


0 
and VVCOIN = min. (see Fig. 81. 
the SIGIN input 


PC3 
VCO adjusts to fa with ¢OEMOUT = -360 


0 and VVCOIN = min. Isee Fig. 101. 


PLL frequency 
PC1, PC2 or PC3 
Loop 
filter 
component 
selection 


capture 
range 


R3 
r"t=J,,_ 


~ 


INPUT =e2f 
OUTPUT 


w 
7296053 


(al 7 = R3 x C2 
(bl 
amplitude 
characteristic 
Ie) pole-zero 
diagram 


A small capture range 12fcl is obtained if 2fe 
'" 
l/rr (v'2rrfL/r) 


Fig. 27 Simple loop filter for PLL without offset; R3;;> 500 n. 


R3 


~ 
=-=r: 
",,~'~ 
"' 
INPUT 
OUTPUT 


e21 


m"- R3+R4 


l/T3 
1/72 
w 
7296054 


(a) 71 = R3 x C2; 
(bl 
amplitude 
characteristic 
lei 
pole-zero 
diagram 


72 = R4 x C2; 
73 = (R3 + R4) x C2 


Fig. 28 Simple loop filter for PLL with offset; R3 + R4 ;;>500 n. 


PLL locks on 
PCl or PC3 
yes 
harmonics 
at 
centre 
frequency 
PC2 
no 


noise rejection 
at 
PC1 
high 


signal input 


PC2 or PC3 
low 


AC ripple content 
PC1 
fr = 2fi, largeripple content at ¢OEMOUT = 90 


0 


when PLL is 
locked 
PC2 
fr = fi, small ripple content at ¢OEMOUT = 0 


0 


PC3 
fr = fi. large ripple content at ¢OEMOUT = 180 


0 
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VCC' 
'~ 


5V 


4.5 V 
;m 


6V 
5V 
4.SV 
& 
3V 
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m 
br~~V 


-3V 
_5V 
-4.5V 
-3V 


Fig. 29 Typical value of vca centre frequency (fol as 
a function of C1: R2 =~; VVCalN 
= 1/2 vcc; 


INH = GND; Tamb = 25 ·C. 


Notes to Fig. 29 


1. To obtain optimum 
VCO performance, 
Cl must be as small as possible but larger than 100 pF. 
2. Interpolation for various valuesof R1can be easily calculated because,a constant R1C1 product will produce almost the samevca 
output frequency. 
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"- 
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" 


~ 
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i' 
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6V 
5V 


4.5 V 
3V 
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~~ 


5V 
H-ttt- 
4.5 V 
5V 


4.SV 
3V 


F g. 30 Typical value of frequency offset asa function 
of C1: R1 =~; 
VVCOIN 
= 1/2 VCC; 
INH = GND; 


Tamb = 25 ·C. 


Notes to Fig. 30 


1. To obtain 
optimum 
VCO 
performance, 
Cl 
must be as small as possible 
but 
larger than 
100 pF. 
2. Interpolation for various valuesof R2 can be easily calculated because,a constant R2Cl product will produce almost the sameVCO 
output 
frequency. 
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Fig.31 
Typical frequency 
lock range (2fL) versus the 
product 
R lC1: VVCOIN range = 0.9 to (VCC - 0.9) V; 


R2 = 
00; VCO gain: 
2fL 


Kv = VVCOIN range 2" (r/slV). 
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PL L design 
example 
The frequency synthesizer, used in the 
design example shown in Fig. 32, hasthe 
following parameters: 


Output frequency: 
2 MHz to 3 MHz 
frequency steps 
100 kHz 
settling time 
, ms 
overshoot 
< 20% 


The open·loop gain is H Isl x Gis) = 
Kp x Kf x Ko x Kn. 


Where: 


Kp = phase comparator 
gain 
Kf = low-passfilter transfer gain 
Ko = Kvis VCO gain 
Kn = lin divider ratio 


The programmable counter ratio Kn can be 
found asfollows: 


Nmin. = fout 
= 2 MHz 
= 20 
fstep 
100 kHz 


fout 
3 MHz 
Nmax. = -f- 
= 100 kHz = 30 
step 


The VCO is set by the valuesof R1, R2 
andCl, R2 = 10 kn (adjustable). 
The values can be determ ined using the 
information 
in the section 
"DESIGN CONSIDERATIONS". 
With fa = 2.5 MHz and fL = 500 kHz this 
givesthe following values IVCC = 5.0 VI: 
R' = 10 kfl 
R2=10kfl 
C1 =500pF 


The VCO gain is: 


K 
_ 
2fL x 2 x 1T 


V 
- 0.9 - (VCC - 0.9) 


1 MHz 


= ---x 
21T 
'" 2 x 10' r/s/V 
3.2 


The gain of the phasecomparator is: 


K 
= VCC = 0.4 Vir. 
p 
4X1T 


The transfer gain of the filter is given by: 


Kf 
1 + T2S 


1 + (T, 
+T,), 


Where: 


T, = R3C2 and T, = R4C2. 


The 
characteristics 
equation 
is: 


1 + H Is) x G Isl = O. 


This 
results 
in: 


52 + 1 + Kp x Kv x Kn x 72 
5 + 


(T, 
+ T,) 


Kp x Kv x Kn = o. 


IT, + T,I 


The natural frequency 
wn is defined as 
follows: 


_j 
Kp x Kv x Kn 
wn - 
. 


IT, 
+ T,) 
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and the damping value ~ is defined as 
follows: 


\=-'-x 
l+KpxKvxKnxT,. 
2wn 
(T,+T,) 


In Fig. 33 the output frequency response 
to a step of input frequency is shown. 


The overshoot and settl ing time percentages 
are now used to determ 
ine wn' 
From 


Fig. 33 it can be seenthat the damping 
ratio \ = 0.45 will produce an overshoot of 
less than 20% and settle to within 5% at 
wnt = 5. The required settling time is 1 ms. 
This 
results 
in: 
5 
5 
Wn =1 = 0.001 = 5 x 103 ris. 


Rewriting 
the equation 
for 
natural 


frequency 
results 
in: 


Kp x Kv x Kn 


(Tj 
+ T2)= 
2' 
wn 


The maximum oversho~t 
occurs at Nmax.: 
0.4x2x 
10' 


IT, +T,) 
= 5000' x30 
=0.0011 s. 


When C2 = 470 nF, then 


R4 = (T, 
+ T,) 
x 2 x wn x \ - 
1 
Kp x Kv x Kn x C2 


now R3 can be calculated: 


R3 =!..t..- 
R4 = 2 kfl. 
C2 


Note 


For an extensive description and application example please refer to application 
note ordering number 939864990011. 
Also available a computer design program for PLL's ordering number 9398 961 
10061. 
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"".(t) 
1.4 


lwe/wn 
1.2 


1.0 


0.8 


0.0 


0.' 


0.2 


--l 
, = 0.3 
I" 
(' •• 
0.5 
h"- 
('_ 0.707_ ~ 
(' - 
5.0 
( - 1.0 


(' •• 2.0 


0.' 
OS.(t) 


-0.2 
llSe/wn 


0.2 


0.' 


0.0 


0.0 


Since the output 
frequency 
is proportional 
to the VCO control 
voltage, 
the PLL frequency 
response 
can be observed 
with an 
oscilloscope 
by monitoring 
pin 9 of the VCO. The average frequency 
response, 
as calculated 
by the Laplace method, 
is found 


experimentally 
by smoothing 
this vc Itage at pin 9 with a simple RC filter, whose time constant 
is long compared 
to the phase 


detector 
sampling 
rate but short compared 
to the PLL response 
time. 


proportion" 


to output 


frequency 
(MHzl 
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FEATURES 


• 
Output 
capability: 
standard 


• 
IcC category: 
SSI 


The 74HC4049 
is a high·speed 
si·gate 
CMOS device and is'pin 
compatible 
with the "4049" 
of the 
"4000B" 
series. It is specified 
in 
compliance 
with JEDEC standard 
no. 7A. 


The 74HC4049 
provides 
six inverting 
buffers 
with a modified 
input 
protection 
structure, 
which 
has no 
diode connected 
to VCC. Input 
voltages of up to 15 V may therefore 
be 
used. 
This feature 
enables 
the inverting 
buffers 
to be used as logic 


level translators, 
which 
will 
convert 
high level logic to low level logic, 
while operating 
from a low voltage 
power supply. 
For example 
15 V logic ("4000B 
series") 
can be 
converted 
down to 2 V logic. 


The actual 
input 
switch 
level remains 
related 
to the VCC and is the same as 


mentioned in the family 
characteristics. 
At the same time each 
part can be used as a simple 
inverter 
without level translation. 


APPLICA 
nONS 


• 
Converting 
15 V logic 
("4000B" 
series) 
down 
to 2 V logic. 


TYPICAL 
UNIT 


SYMBOL 
PARAMETER 
CONDITIONS 


HC 


tPH II 
propagatiEn 
delay 
Cl=15pF 
B 
ns 
tplH 
nA to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
pF 


CPD 


power 
dissipation 
note 
1 
14 
pF 
capacitance 
per buffer 


Note 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in jJ.W): 


PD = CPD x VCC' 
x fi + l: (Cl 
x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 


fo = output 
frequency 
in MHz 
VCC 
= supply voltage 
in V 
L (Cl 
x VCC' 
x fo) = sum of outputs 


PACKAGE 
OUTLINES 


16·lead 
Dll; 
plastic 
(SOT38Z). 
16·lead 
mini·pack; 
plastic 
(5016; 
SOTl 
09A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
VCC 
positive supply 
voltage 


2,4,6,10, 
- 
- 
12,15 
lYt06Y 
data outputs 


3,5,7,9, 
lA to 6A 
data inputs 
11,14 
8 
GND 
ground 
(0 Vj 


13,16 
n.c. 
not connected 


'Y 
--Y 
Vl!V2 
~ 


.v 
2Y 
-Y 
V11V2 
~ 


3Y 
-Y 
Vl!V2 
~ 


5V 
4Y 
-Y 
Vl/V2 
~ 
10 


5Y 
.!1.-J 
Vl/V2 
~ 
4'( 
11 
12 


.Y 
~ 


Vl!V2 
~ 
14 
15 


lZ93155.2 


7ZeJ154 


Fig. 1 Pin configuration. 
Fig.2 
logic 
symbol. 
Fig.3 
IEC logic symbol. 


,,, 


'A 
," 
loon 
to logic 
input 


circuit 


3A 
3" 


4A 
4" 
'0 


11 
5" 
12 


14 
6" 
15 


Fig.5 
Input protection for HC4049. 


Single sidedthick oxide field effect metal 
gate transistor 
as input 
protection. 


INPUT 
OUTPU 


- 
nA 
nY 


L 
H 
H 
L 


M"oh 19881 ( 
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Limiting 
values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+7 
V 


VIK 
DC input voltage range 
-0.5 
+16 
V 


-11K 
DC input diode current 
20 
mA 
for VI < -0.5 
V 


±IOK 
DC output diode current 
20 
mA 
for Vo < -0.5 
V or Vo > VCC + 0.5 V 


±IO 
DC output 
source 
or sink 
for-0.5V 
<yo 
<VCC+ 
0.5V 
current 
. standard outputs 
25 
mA 


±ICC; 
DC VCC or GND current 
±IGND 
for types with: 
. standard outputs 
50 
mA 


Tstg 
storage temperature 
range 
-65 
+150 
°c 


power 
dissipation 
per package 
for temperature 
range: -40 
to +125°C 
74HC 
Ptot 


plastic DIL 
750 
mW 
above +70 °C: derate linearly with 12 mW/K 


plastic mini·pack 
(SO) 
400 
mW 
above +70 °C: derate linearly with 8 mW/K 


74HC 


SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 


min. 
typo 
max. 


VCC 
DC supply voltage 
2.0 
5.0 
6.0 
V 


VI 
DC input voltage range 
GND 
- 
15 
V 


Tamb 
operating ambient temperature range 
-40 
+85 
°C 
seeDC and AC 


Tamb 
operating ambient temperature range 
-40 
+125 
°c 
characteristics 


1000 
VCC = 2.0 V; VIN = 2.0 V 
500 
VCC = 4.5 V; VIN = 4.5 V 
tr• tf 
input rise and fall times 
6.0 
400 
ns 
VCC = 6.0 V; VIN = 6.0 V 
650 
VCC = 6.0 V; VIN = 10.0 V 
1000 
VCC = 6.0 V; VIN = 15.0 V 
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Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 
to+85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.3 
1.5 
1.5 
2.0 


VIH 
HIGH level input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 
4.2 
3.1 
4.2 
4.2 
6.0 


0.7 
0.5 
0.5 
0.5 
2.0 


VIL 
LOW level input voltage 
1.8 
1.35 
1.35 
1.35 
V 
4.5 
2.3 
1.8 
1.8 
1.8 
6.0 


HI GH level output v,oltage 
1.9 
2.0 
1.9 
1.9 
2.0 
VIH 
-10 
= 20fJ.A 
VOH 
4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10=20fJ.A 
all outputs 
5.9 
6.0 
5.9 
5.9 
6.0 
VIL 
-10=2OfJ.A 


HIGH level output voltage 
3.98 
3.84 
3.7 
4.5 
VIH 
-10 
= 4.0 mA 
VOH 
V 
or 
standard outputs 
5.48 
5.34 
5.2 
6.0 
VIL 
-10 
= 5.2 mA 


LOW level output voltage 
0.1 
0.1 
0.1 
2.0 
VIH 
10 = 20fJ.A 
VOL 
0.1 
0.1 
0.1 
V 
4.5 
or 
10 = 20fJ.A 
all outputs 
0.1 
0.1 
0.1 
6.0 
VIL 
10=2OfJ.A 


LOW level output voltage 
0.26 
0.33 
0.4 
4.5 
VIH 
10 = 4.0 mA 
VOL 
standard outputs 
0.26 
0.33 
0.4 
V 
6.0 
or 
10 = 5.2 mA 
VIL 


VCC 


0.1 
1.0 
1.0 
fJ.A 
6.0 
or 
GND 


± II 
input 
leakage current 
2.0 
0.5 
5.0 
5.0 
fJ.A 
to 
15 V 


6.0 


15 V 


ICC 
quiescent 
supply 
current 
2.0 
20.0 
40.0 
fJ.A 
6.0 
or 
GND 


AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
28 
85 
105 
130 
2.0 
propagati.2n delay 
10 
17 
21 
26 
ns 
4.5 
Fig.7 
tPLH 
nA to nY 
8 
14 
18 
22 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 
6 
13 
16 
19 
6.0 


668 
J,"""y 19661 
( 
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SSI 


JL~::,]_ 


nY OUTPUT 
~VMlll 


tTHL 
- 


Fig.7 
Waveformsshowing the input (nA) 
to output (nY) propagation delays and the 
output 
transition 
times. 
Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 
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• 
Output 
capabilitY: 
standard 
• 
ICC category: 
SSI 


The 74HC4050 is a high-speed 
si-gate CMOS device and is pin 
compatible with the "4050" 
of the 
"4000B" 
series.It is specified in 
compliancewithJEOEC 
standard no. 7A. 


The 74HC4050 provides six non-inverting 
buffers with a modified input 
protection structure, which hasno 
diode connected to VCC. Input 
voltages of up to 15 V may therefore be 
used. This feature 
enables the non-inverting 
buffers to be usedas logic level 
translators, which will convert 
high level logic to low level logic, 
while operating from a low voltage 
power supply. For example 
15 V logic ("4000B series") can be 
converted down to 2 V logic. 


The actual input switch level remains 
related to the VCC and is the sameas 
mentioned 
in the family 


characteristics. 


APPLICA TlONS 


• 
Converting 
15 V logic ("4000B" 
series) down to 2 V logic. 


74HC4050 


SSI 


TYPICAL 
UNIT 


SYMBOL 
PARAMETER 
CONDITIONS 


HC 


tPHLI 
propagation delay 
CL = 15 pF 
7 
ns 


tPLH 
nA to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
pF 


CPO 


power dissipation 
note 1 
14 
pF 
capacitance per buffer 


Note 


1. CPO is used to determine the dynamic power dissipation (PO in /-lW): 


Po = CPO X VCC' x fi + l: (CL X VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo 
= output frequency in MHz 
VCC = supply voltage in V 
l: (CL X VCC' x fol = sum of outputs 


PACKAGE 
OUTLINES 


16-lead DI L; plastic 
(SOT3BZ). 


16-lead mini-pack; 
plastic 
(S016; 
SOTl 09AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
VCC 
positive supply voltage 


2,4,6,10, 
lY t06Y 
data outputs 
12,15 


3,5,7,9, 
lA to 6A 
data inputs 
11,14 


B 
GNO 
ground (0 V) 


13,16 
n.e. 
not connected 


-Y 
Vl/V2 
f2- 


6Y 
-Y 
VI/V2 
~ 


-Y 
Vl/V2 
P- 


10 
-Y 
V11V2 
~ 


11 
5A 
5Y 


12 
~ 
f-!?- 
Vl/V2 


14 
6A 
6Y 


15 
~ 
~ 


V11V2 


7293158 
1Z93159,2 


Fig. 1 Pin configuration. 
Fig.2 
Logic symbol. 
Fig.3 
IEC logic symbol. 


INPUT 
OUTPUT 


nA 
nY 


L 
L 


H 
H 


M",h 19881 ( 


input 
100 n 
to logic 


~';'CU" '~':-n 
~~ 
fOl 


GNO 
1Z91018 


Fig. 5 Input protection for HC4050. 
Single sided thick oxide field effect metal 
gate transistor as input protection. 
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Limiting 
values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+7 
V 


VIK 
DC input voltage range 
-0.5 
+16 
V 


-11K 
DC input diode current 
20 
mA 
for VI < -0.5 
V 


±IOK 
DC output 
diode current 
20 
mA 
for Vo < -0.5 
V or Vo > VCC + 0.5 V 


±IO 
DC output 
source 
or sink 
for -0.5 
V < Vo < VCC + 0.5 V 
current 
- standard outputs 
25 
mA 


±ICC; 
DC VCC or GND current 
±IGND 
for types with: 
. standard outputs 
50 
mA 


Tstg 
storage temperature 
range 
-65 
+150 
°c 


power 
dissipation 
per package 
for temperature 
range: -40 
to +125°C 


74HC 
Ptot 


plastic 01 L 
750 
mW 
above +70 °C: derate linearly with 12 mW/K 


plastic mini·pack (SO) 
500 
mW 
above +70°C: 
derate linearly with 8 mW/K 


74HC 
SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 
min. 
typo 
max. 


VCC 
DC supply voltage 
2.0 
5.0 
6.0 
V 


VI 
DC input voltage range 
GND 
- 
15 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+85 
°C 
seeDC and AC 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+125 
°C 
characteristics 


1000 
VCC = 2.0 V; VIN = 2.0 V 


500 
VCC = 4.5 V; VIN = 4.5 V 
tr, tf 
input 
rise and fall tim~s 
6.0 
400 
ns 
VCC = 6.0 V; VIN = 6.0 V 
650 
VCC = 6.0 V; VIN = 10.0 V 


1000 
VCC = 6.0 V; VIN = 15.0 V 


74HC4050 


551 


Tamb {OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.3 
1.5 
1.5 
2.0 


VIH 
HI GH level input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 
4.2 
3.1 
4.2 
4.2 
6.0 


0.7 
0.5 
0.5 
0.5 
2.0 


VIL 
LOW level input voltage 
1.8 
1.35 
1.35 
1.35 
V 
4.5 
2.3 
1.8 
1.8 
1.8 
6.0 


HIGH level output 
voltage 
1.9 
2.0 
1.9 
1.9 
2.0 
VIH 
-10 
= 20 If.A 


VOH 
4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10 
= 20 If.A 
all outputs 
5.9 
6.0 
5.9 
5.9 
6.0 
VIL 
-10 
= 20lf.A 


HIGH level output 
voltage 
3.98 
3.84 
3.7 
4.5 
VIH 
-10 
= 4.0 mA 
VOH 
standard outputs 
5.48 
5.34 
5.2 
V 
6.0 
or 
-10 
= 5.2 mA 
VIL 


LOW level output 
voltage 
0.1 
0.1 
0.1 
2.0 
VIH 
10=2OIf.A 


VOL 
0.1 
0.1 
0.1 
V 
4.5 
or 
10 = 20 If.A 
all outputs 
0.1 
0.1 
0.1 
6.0 
VIL 
10 = 20 If.A 


LOW level output 
vol tage 
0.26 
0.33 
0.4 
4.5 
VIH 
10 =4.0 
mA 
VOL 
standard outputs 
0.26 
0.33 
0.4 
V 
6.0 
or 
10 = 5.2 mA 
VIL 


Vec 


0.1 
1.0 
1.0 
If.A 
6.0 
or 
GND 


± II 
input 
leakage current 


2.0 
0.5 
5.0 
5.0 
If.A 
to 
15V 


6.0 


15 V 


Ice 
quiescent 
supply 
current 
2.0 
20.0 
40.0 
If.A 
6.0 
or 
GND 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
Vce 
WAVEFORMS 


+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
25 
85 
105 
130 
2.0 
9 
17 
21 
26 
ns 
4.5 
Fig. 7 
tpLH 
nA to nY 
7 
14 
18 
22 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 
6 
13 
16 
19 
6.0 
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"A INPUT\VM'" 
r- 


1~---=t----lL,p , 


I 


nY 
OUTPUT 
'\11111 


".". 
~ 
- -'", 


Fig.7 
Waveforms ·.10wingthe input InAJ 
to output (nY) pruoagation delays and the 
output 
transition 
tl-nes. 
Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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74HC/HCT4051 


MSI 


• 
Wide analog 
input 
voltage 
range: 
± 5 V. 
• 
Low "ON" resistance: 
80 n (typ.) 
at VCC - 
VEE = 4.5 V 
70 n (typ.) 
at VCC - 
VEE 
= 6.0 V 
60 n (typ.) 
at VCC - 
VEE = 9.0 V 
• 
Logic level translation: 
to enable 
5 V logic to communicate 
with ± 5 V analog 
signals 
• 
Typical 
"break 
before 
make" 
built 
in 
• 
Output 
capability: 
non-standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4051 
are high-speed 
SI-gate CMOS devices and are pin 
compatible 
with the "4051" 
of the 
"4000B" 
series. They are specified 
in 
compliance 
withJEDEC 
standard 
no. 7A: 


The 74HC/HCT4051 
are B-channel 
analog 
multiplexers/demultiplexers 
with three 
digital select inputs 
(SO to S21. an active 
LOW enable input eEl, eight independent 
inputs/outputs 
(yo to Y7) and a common 
input/output 
(Z). 


With E LOW, one of the eight switches 
is 
selected 
(low impedance 
ON-state) 
by So 
to S2. With E HIGH, all switches 
are in the 
high impedance 
OFF-state, 
independent 
of 
So to S2· 
VCC and GND are the supply 
voltage pins 
for t!2e digital control 
inputs 
(SO to S:2, 
and E). The VCC to GND ranges are 2.0 to 
10.0 V for HC and 4.5 to 5.5 Vfor 
HCT. 
The analog inputs/outputs 
(yo to Y7, and 
Z) can 
swing 
between 
VCC 
as a positive 
limit 
and VEE 
as a negative 
limit. 
VCC - 
VEE may not exceed 
10.0 V. 


For operation 
as a digital 
multiplexer/demultiplexer, 
VEE is 
connected 
to GND (typically 
ground). 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpZH/ 
turn 
"ON" 
time 
E to Vos 
22 
22 
ns 
tpZL 
Sn to Vos 
CL ~ 15pF 
20 
24 
ns 
RL = 1 kD. 


tPHZ/ 
turn "OFF" 
time 
VCC = 5 V 
E to Vos 
18 
16 
ns 
tPLZ 
Sn to Vos 
19 
20 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
25 
25 
pF 
capacitance 
per switch 


max. 
switch 
capacitance 
Cs 
independent 
(y) 
5 
5 
pF 


common 
(Z) 
25 
25 
pF 


VEE = GND = 0 V; Tamb 
= 25 °C; tr ~ tf = 6 ns 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in /lW): 


PD~ 
CpD xVCC2 
xfi+ 
L((CL 
+ CS) x VCC2 xfo 
; where: 


fi 
= input frequency 
in MHz 
CL 
= output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
Cs 
= max. 
switch 
capacitance 
in pF 
L {(CL + CS) x VCC2 x fo) 
= sum of outputs 
VCC = supply 
voltage 
in V 


2. For HC 
the condition 
is VI ~ GND to VCC 
For HCT the condition 
is V, ~ GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 
16-lead 
DI L; plastic 
(SOT38Z). 
16-lead 
mini-pack; 
plastic 
(S016; 
SOTl o9AI. 


PIN DESCRIPTION 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


3 
Z 
common 
input/output 
6 
E 
enable 
input 
(active LOW) 
7 
VEE 
negative supply voltage 
8 
GND 
ground 
(0 V) 
11,10,9 
So to S2 
select inputs 
13,14,15, 
YO to Y7 
independent 
inputs/outputs 
12,1,5,2,4 
16 
VCC 
positive supply voltage 


Y, 
11 
So 
Yo 
13 
11 
MDX 
13 


Y, 
14 
10 
}X~ 
14 
'0 
S, 
Y, 
15 
15 


S, 
Y3 
12 
G8 
12 


Y, 


So 
Ys 


Y. 


Y, 


'I(D",mb" 
1990 
877 
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74HC/HCT4051 


MSI 


LOGIC 


LEVEL 


CONVERSION 


• 
Analog multiplexing 
and 
demultiplexing 
• 
Digital multiplexing 
and 
demultiplexing 
• 
Signal gating 


INPUTS 
channel 


E 
S2 
S, 
So 
ON 


L 
L 
L 
L 
Yo-z 


L 
L 
L 
H 
Y,-Z 


L 
L 
H 
L 
Y2-Z 
L 
L 
H 
H 
Y3- 
Z 


L 
H 
L 
L 
Y4- 
Z 


L 
H 
L 
H 
Y5 -Z 


L 
H 
H 
L 
YS-Z 


L 
H 
H 
H 
Y7 -Z 


H 
X 
X 
X 
none 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 


J,"""y 19861 ( 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (I EC 134) 


Voltages are referenced to VEE = GND (ground = 0 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+11.0 
V 


±IIK 
DC digital input diode current 
20 
mA 
forVI 
<-0.5 
Vor 
VI > VCC+0.5 
V 


±ISK 
DC switch diode current 
20 
mA 
for Vs < -0.5 V or Vs > VCC + 0.5 V 


±IS 
DC switch current 
25 
mA 
for -0.5 V < Vs < VCC + 0.5 V 


±IEE 
DC VEE current 
20 
mA 


±ICC: 
DC VCC or GND curmnt 
50 
mA 
±IGND 


Tstg 
storage temperature 
range 
-65 
+150 
·C 


Ptot 
power 
dissipation 
per oackage 
for temperature range: -40 to +125·C 
74HC/HCT 


plastic DIL 
750 
mW 
above +70 ·C: derate linearly with 12 mW/K 


plastic mini·pack (SOl 
500 
mW 
above +70 ·C: derate linearly with 8 mW/K 


Ps 
power 
dissipation 
per switch 
100 
mW 


Note to ratings 


To avoid drawing 
VCC 
current 
out of terminal 
Z, when 
switch 
current 
flows 
in terminals 
Y n, the voltage 
drop 
across the bidirectional 
switch 
must not exceed 
0.4 
V. 
If the switch 
current 
flows 
into terminal 
Z, no VCc current 
will 
flow 
out of terminals 
Y n' In this case 
there 
is no limit 
for the 
voltage 
drop 
across 
the 
switch, 
but 
the 
voltages 
at Yn and 
Z may 
not 
exceed 
VCC 
or VEE. 


74HC 
74HCT 


SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 


min. 
typo 
max. 
min. 
typo 
max. 


VCC 
DC supply voltage VCC-GND 
2.0 
5.0 
10.0 
4.5 
5.0 
5.5 
V 
see Figs 6 and 7 


VCC 
DC supply voltage VCC-VEE 
2.0 
5.0 
10.0 
2.0 
5.0 
10.0 
V 
see Figs 6 and 7 


VI 
DC input voltage range 
GND 
VCC 
GND 
VCC 
V 


Vs 
DC switch 
voltage 
range 
VEE 
VCC 
VEE 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+85 
-40 
+85 
·C 
see DC and AC 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+125 
-40 
+125 
·C 
CHARACTERISTICS 


1000 
VCC = 2.0 V 
tr.tf 
input 
rise and fall times 
6.0 
500 
6.0 
500 
ns 
VCC =4.5 V 
400 
VCC = 6.0 V 
250 
VCC = 10.0 V 


'I( M",h 
19BB 


74HC/HCT4051 


MSI 
"'---------------- 


10 


VcC' 
GND 


IVI 
/ 
/ ~~e;::tin;:rl~~ ~ 
/1/1/1/1/ 
1// 


I 


I 
I 


6 


VCCGNO 


IVI 


Fig.7 
Guaranteed 
operating 
area as a function 
of the 


supply voltages for 74HCT4051. 


DC CHARACTERISTICS 
FOR 74HC/HCT 


For 74HC: 
VCC - GND or VCC - VEE = 2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: 
VCC - GND = 4.5 and 5.5 V; VCC - VEE = 2.0, 4.5, 6.0 and 9.0 V 


Tamb (OC) 
TEST CONDITIONS 


74HC/HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
IS 
Vis 
VI 


+25 
-40 to +85 
-40 to +125 
V 
V 
IlA 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


- 
- 
- 
- 
n 
2.0 
0 
100 
VCC 
VIH 
100 
180 
225 
270 
n 
4.5 
0 
1000 
RON 
ON resistance (peak) 
90 
160 
200 
240 
n 
6.0 
0 
1000 
to 
or 


70 
130 
165 
195 
n 
4.5 
-4.5 
1000 
VEE 
VIL 


150 
- 
- 
- 
n 
2.0 
0 
100 
VIH 
80 
140 
175 
210 
n 
4.5 
0 
1000 
RON 
ON resistance (rail) 
70 
120 
150 
180 
n 
6.0 
0 
1000 
VEE 
or 


60 
105 
130 
160 
n 
4.5 
-4.5 
1000 
VIL 


150 
- 
- 
- 
n 
2.0 
0 
100 
VIH 
90 
160 
200 
240 
n 
4.5 
0 
1000 
RON 
ON resistance (rail) 
80 
140 
175 
210 
n 
6.0 
0 
1000 
VCC 
or 


65 
120 
150 
180 
n 
4.5 
-4.5 
1000 
VIL 
- 
n 
2.0 
0 
VCC 
VIH 
maximum 
60N resistance 
9 
n 
4.5 
0 
/IRON 
between any two et"annels 
8 
n 
6.0 
0 
to 
or 


6 
n 
4.5 
-4.5 
VEE 
VIL 


Notes to DC characteristics 


1. At supply voltages (VCC -VEE) 
approaching 2.0 V the analog switch ON·resistance becomes extremely non·linear. Therefore it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 


2. For test circuit 
measuring 
RON ~ee Fig. 8. 
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DC CHARACTERISTICS 
FOR 74HC 


Voltages are referenced to GND (ground = 0 V) 


Tamb 
rCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 


+25 
-40 
to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 
2.0 


HIGH level input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 


VIH 
4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.7 
6.3 
6.3 
9.0 


0.8 
0.5 
0.5 
0.5 
2.0 


LOW level input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 


VIL 
2.8 
1.8 
1.8 
1.8 
6.0 
4.3 
2.7 
2.7 
2.7 
9.0 


0.1 
1.0 
1.0 
6.0 
0 
Vce 
± II 
input leakage current 
0.2 
2.0 
2.0 
fJA 
10.0 
0 
or 
GND 


analog switch OFF-state 
VIH 
IVSI= 
±IS 
0.1 
1.0 
1.0 
fJA 
10.0 
0 
or 
Vee - VEE 
current 
per channel 
VIL 
Isee Fig. 10) 


analog switch OFF-state 
VIH 
1VSI= 
±IS 
0.4 
4.0 
4.0 
fJA 
10.0 
0 
or 
Vee 
- VEE 
current all channels 
VIL 
(see Fig. 10) 


analog switch ON-state 
VIH 
IVSI= 
±IS 
0.4 
4.0 
4.0 
fJA 
10.0 
0 
or 
Vee 
- VEE 
current 
VIL 
Isee Fig. 11) 


Vee 
Vis ~ VEE 
8.0 
80.0 
160.0 
6.0 
0 
orVee; 
Ice 
quiescent 
supply 
current 
16.0 
160.0 
320.0 
fJA 
10.0 
0 
or 
Vos = Vee 
GND 
or VEE 
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AC CHARACTERISTICS 
FOR 74HC 


GND ~ a V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC VEE 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


14 
60 
75 
90 
2.0 
0 


tPHLI 
propagation 
delay 
5 
12 
15 
18 
4.5 
a 
RL=~;CL=50pF 
tpLH 
Vis to Vos 
4 
10 
13 
15 
ns 
6.0 
a 
(seeFig. 171 


4 
8 
10 
12 
4.5 
-4.5 


72 
345 
430 
520 
2.0 
a 


tPZHI 
turn "ON" time 
29 
69 
86 
104 
4.5 
a 
RL=l 
kn;cL=50pF 


tpZL 
E to vos 
21 
59 
73 
88 
ns 
6.0 
a 
(seeFigs 18, 19 and 20) 


18 
51 
64 
77 
4.5 
-4.5 


66 
345 
430 
520 
2.0 
0 


tpzHI 
turn "ON" time 
28 
69 
86 
104 
4.5 
a 
RL=l 
kn;cL~50pF 


tPZL 
SntoVos 
19 
59 
73 
88 
ns 
6.0 
0 
(seeFigs 18, 19 and 20) 


16 
51 
64 
77 
4.5 
-4.5 


58 
290 
365 
435 
2.0 
0 


tPHzl 
turn "OFF" 
time 
31 
58 
73 
87 
4.5 
0 
RL=l 
kn;CL=50pF 


tPLZ 
Eto Vos 
17 
49 
62 
74 
ns 
6.0 
0 
(seeFigs 18, 19 and 20) 


18 
42 
53 
72 
4.5 
-4.5 


61 
290 
365 
435 
2.0 
a 


tPHzl 
turn "OFF" 
time 
25 
58 
73 
87 
4.5 
a 
RL~l 
kn;cL=50pF 


tPLZ 
Sn to Vos 
18 
49 
62 
74 
ns 
6.0 
a 
(seeFigs 18, 19 and 20) 
18 
42 
53 
72 
4.5 
-4.5 
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DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referenced to GND (grouna = 0) 


Tamb 
(OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 


+25 
-40 
to +85 
-40to 
+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


4.5 


VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 


4.5 


VIL 
LOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


± II 
Vec 
input 
leakage current 
0.1 
1.0 
1.0 
p.A 
5.5 
0 
or 
GND 


analog switch OFF-state 
VIH 
IVSI= 
±IS 
current 
per channel 
0.1 
1.0 
1.0 
p.A 
100 
0 
or 
VCC - 
VEE 
VIL 
(see Fig. 10) 


analog switch OFF-state 
VIH 
1VSI= 
±IS 
current 
all channels 
0.4 
4.0 
4.0 
p.A 
10.0 
0 
or 
Vce 
- VEE 
VIL 
(see Fig. 10) 


analog switch ON-state 
VIH 
IVSI= 
±IS 
current 
0.4 
4.0 
4.0 
p.A 
10.0 
0 
or 
VCC - VEE 
VIL 
(see Fig. 11) 


Vee 
Vis = VEE 


ICC 
8.0 
80.0 
160.0 
5.5 
0 
or Vce; 
quiescent 
supply 
current 
p.A 
or 
16.0 
160.0 
320.0 
5.0 
-5.0 
GND 
Vos = Vee 
or VEE 


additional 
quiescent supply 
4.5 
other 
inputs 
tdce 
current per input pin for 
100 
360 
450 
490 
p.A 
to 
0 
VCC 
at Vee or 
unit load coefficient is 1 
-2.1V 
(note 1) 
5.5 
GND 


Note to HCT types 


1. The value of additional 
quiescent supply current (6Iec) 
for a unit load of 1 is given here. 


To determine 61CC per input. multip y this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Sn 
0.50 
E 
0.50 
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AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V;tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
-40 
to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
5 
12 
15 
18 
4.5 
0 
RL=oo;CL~50pF 


tPLH 
Vis to Vos 
4 
8 
10 
12 
ns 
4.5 
-4.5 
(see Fig. 17) 


tPZHI 
turn "ON" time 
26 
55 
69 
83 
4.5 
0 
RL=l 
kl1;CL=50pF 
tpZL 
EtoVos 
16 
39 
49 
59 
ns 
4.5 
-4.5 
(see Figs 18. 19 and 20) 


tpzHI 
turn "ON" time 
28 
55 
69 
83 
4.5 
0 
RL=l 
kl1;CL=50pF 


tPZL 
Sn to Vos 
16 
39 
49 
59 
ns 
4.5 
-4.5 
(see Figs 18. 19 and 20) 


tpHzl 
turn "OFF·· 
time 
19 
45 
56 
68 
4.5 
0 
RL=l 
kl1;CL=50pF 
tpLZ 
Eto 
Vos 
16 
32 
40 
48 
ns 
4.5 
-4.5 
(see Figs 18. 19 and 20) 


tPHzl 
turn "OFF" 
time 
23 
45 
56 
68 
4.5 
0 
RL=l 
kl1;CL=50pF 
tpLZ 
Sn to Vos 
16 
32 
40 
48 
ns 
4.5 
-4.5 
(see Figs 18. 19 and 20) 


VCC·4,5V 


\1 
I 


6V 


1/ 
9V 


/1 
"" 
1/ 
1/ 
" 
I 
I~ [7 
H1GHa> 


(from 
select ,npun) 


Yo 


Vis·OloVCC-VEE 


7.2 
9 


Vis IV) 


Fig.9 
Typical 
RON as a function 
of input VOltage Vis 


for Vis = 0 to VCC - 
VEE. 


LOW:=t~ 


(from Mhec.tinputsl 


~ 
Z 


VI-Vec 
or Vee 
A 
A 
VO·VEE 
or Vec 
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a-channel analog multiplexer/demultiplexer 
J 
---- 
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ADDITIONAL 
AC CHARACTERISTICS 
FOR 74HC!HCT 


Recommended 
conditions 
and typical 
values 


GND = 0 V;Tamb =25cC 


SYMBOL 
PARAMETER 
typo 
UNIT 
VCC 
VEE 
VisU'-P) 
CONDITIONS 
V 
V 


sine-wave 
distortion 
0.04 
% 
2.25 
-2.25 
4.0 
RL = 10 kn; CL = 50 pF 


f = 1 kHz 
0.02 
% 
4.5 
-4.5 
8.0 
(seeFig. 14) 


sine-wave 
distortion 
0.12 
% 
2.25 
-2.25 
4.0 
RL = 10 kn; CL = 50 pF 


f = 10 kHz 
0.06 
% 
4.5 
-4.5 
8.0 
(seeFig. 14) 


switch "OFF" 
signal 
-50 
d8 
2.25 
-2.25 
note 1 
RL = 600 n; CL = 50 pF 


feed·through 
-50 
d8 
4.5 
-4.5 
(seeFigs 12 and 15) 


RL = 600 n-'. CL = 50 pF; 
crosstalk 
voltage 
between 
110 
mV 
4.5 
0 
f=lMHz(EorSn. 
VIp-pI 
control 
and any 
switch 
220 
mV 
4.5 
-4.5 
square-wave 
between 
Vcc 
(peak·to·peak value1 
3nd GND, tr = tf = 6 ns) 
Isee Fig. 16) 


fmax 


minimum 
frequency 
170 
MHz 
2.25 
-2.25 
note 2 
RL = 50n; 
CL = 10pF 
response(-3d 81 
180 
MHz 
4.5 
-4.5 
(seeFigs 13and 141 


maximum 
switch 


Cs 
capacitance 
independent 
IY) 
5 
pF 


common 
(Z) 
25 
pF 


General 
note 


Vis is the input voltage 
at a Yn or Z terminal. 
whichever 
is assigned as an input. 
Vas is the output 
voltage at a Ynor 
Z terminal, 
whichever 
is assigned as an output. 


Notes 


1. Adjust input voltage Vis to 0 dBm level 10dBm = 1 mW into 600 n). 
2. Adjust input voltage Vis to 0 d8m level at Vas for 1 MHz (0 dBm = 1 mW into 50 nl. 
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Note to Figs 12and 13 


Test conditions: 
VCC = 4.5 V;GND = 0 V; VEE = -4.5 
V; 


RL = 50 n; Rsource= 1 kn 


]L 


VYn 
vo. 


III 
CL 
dB 


GNO 


Fig. 15 Test circuit for measuringswitch "OFF" 
signal 


feed-through. 


Note to Fig. 16 


The crosstalk is defined asfollows (oscilloscope output): 


~Vti··) 


7Z93iU 
---- 
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90% 


E:.Sn 
INPUTS 
VM111 


10% 


Fig. 17 Waveformsshowing the input (Vislto 
output (Vosl 
propagation delays. 


Note to Fig. 18 


(11 HC 
VM = 50%; VI = GND to VCC· 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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TEST 
SWITCH 
\iis 


tPZH 
VEE 
\lCC 


tpZL 
VCC 
\lEE 
tPHZ 
VEE 
\lCC 
tPLZ 
VCC 
\lEE 
others 
open 
pJlse 


Definitions 
for Figs 19 and ;~O: 


CL = load capacitance including jig and 
probe 
capacitance 


(seeAC CHARACTEFlISTICS 
for 
values). 


RT = termination 
resistance should be equal 


to the output 
impedance Zo of the 
pu Ise generator. 
tr 
tf = 6 ns; when 
measuring 
fmax, 
there 
is no constraint 
to tr• tf with 50% 


duty factor. 


NEGATIVE 


INPUT 
PULSE 
"] 


0% 
V-M 'W-t 


AM 


'L1TUDE 


'0% 


_ 
--'T-H-L-('-'}----'T-L-H-('-'}--~ 
__ 
ov 


POSITIVE 


INPUT 


PULSE 


tr; tf 


FAMILY 
AMPLITUDE 
VM 
fmax; 
OTHER 
PULSE WIDTH 


74HC 
VCC 
50% 
< 2 ns 
6 ns 


74HCT 
3.0 V 
1.3 V 
< 2 ns 
6 ns 
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• 
Wide analog 
input 
voltage 
range: 


± 5 V. 


• 
Low "ON" 
resistance: 


80 n (typ.) 
at VCC - 
VEE = 4.!5 V 


70 n (typ.) 
at VCC - 
VEE = 6.0 V 
60 n (typ.) 
at VCC - 
VEE 
= 9.0 V 
• 
Logic 
level translation: 
to enable 
5 V logic to communil:ate 
with 
± 5 V analog 
signals 
• 
Typical 
"break 
before 
make" 
b 
ilt in 
• 
Output 
capability: 
non-standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4052 
are high-speed 


5i-gate CMOS devices and are pin 
compatible 
with the "4052" 
of the 
"4000B" 
series. They are specified 
in 


compliancewithJEDEC 
standard 
no_ 7A. 


The 74HC/HCT4052 
are dual 4-channel 


analog multiplexers/demultiplexers 
with 


common 
select logic. Each multiplexer 
has 


four independent 
inputs/outputs 
(nYO to 


nY3) and a common 
input/output 
(nZ). 
The 
common 
channel 
select 
logics inc ude 


two digital select inputs 
(SO and 51) and 


an active 
LOW enable 
input 
(E). 


With E LOW. one of the four switches 
is selected 
(low impedance 
ON-state) 
by 
So and 51. With E HIGH. all switches 
are 
in the high impedance 
OFF-state, 
independent 
of So and 51. 


VCC and GND are the supply 
voltage 
pins 


for the digital control 
inputs 
(SO and 51. 
and E). The VCC to GND ranges are 2.0 
to 10.0 V for HC and 4.5 to 5.5 V for HCT_ 
The analog inputs/outputs 
(nYO to nY3, 


and nZ) c'n 
swing between 
VCC as a 
positive limit and VEE as a negative limit. 
VCC - 
VEE may not exceed 
10.0 V. 


For operation 
as a digital 


multiplexer/demultiplexer, 
VEE is 
connected 
to GND (typically 
ground). 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPZH/ 
turn "ON" 
time 
2B 
lB 
ns 


tpZL 
Ear 
Sn to Vas 
CL=15pF 
RL = 1 kn 


tPHZ/ 
turn "OFF" 
time 
VCC = 5 V 
21 
13 
ns 


tpLZ 
Ear 
Sn to VAS 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 
1 and 2 
57 
57 
pF 


capacitance 
per switch 


max. 
switch 
capacitance 
C5 
independent 
(y) 
5 
5 
pF 


common 
(Z) 
12 
12 
pF 


VEE = GND = 0 V; Tamb = 25 °C;tr 
= tf = 6 ns 
Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in IlW): 


PD = CPD x VCC' 
x fi + :l: ((CL + CS) x VCC' 
x fa }where: 


fi = input frequency 
in MHz 
CL 
= output 
load capacitance 
in pF 
fa = output 
frequency 
in MHz 
C5 
= max. switch capacitance 
in pF 
:l:{(CL +CS)xVCC' 
xfo}=sumofoutputs 
VCC=supplyvoltageinV 


2. For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VJ = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 
16-lead 
DI L; plastic 
(SOT38Z). 
16-lead 
mini-pack; 
plastic 
(5016; 
50Tl09A). 


PIN DESCRIPTION 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1.5.2,4 
2YO to 2Y3 
independent 
inputs/outputs 


6 
E 
enable 
input 
(active LOW) 


7 
VEE 
negative supply 
voltage 


B 
GND 
ground 
(0 V) 


10,9 
SO. Sl 
select inputs 


12,14,15,11 
1Yoto 
lY3 
independent 
inputs/outputs 


13,3 
lZ.2Z 
common 
inputs/outputs 


16 
VCC 
positive supply 
voltage 


13 


" 
lYo 
" 
'0 
So 
'Y, 
" 
5, 
lV2 
15 


lV3 


2Yo 


2Y, 


'Y2 


2Y3 


'I( D",mb" 
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• 
Analog multiplexing 
and 
demultiplexing 
• 
Digital 
multiplexing 
and 
• 
demultiplexing 
• 
Signal gating 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 


INPUTS 
CHANNEL 


E 
S, 
So 
ON 


L 
L 
L 
nYO - 
nZ 


L 
L 
H 
nY, 
- 
nZ 


L 
H 
L 
nY2 - 
nZ 


L 
H 
H 
nY3 - nZ 


H 
X 
X 
none 


LOGIC 
lEVEL 


CONVERSION 


Joe"", 19861 ( 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to VEE = GND (ground = 0 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+11.0 
V 


±IIK 
DC digital input diode current 
20 
mA 
for VI < -0.5 V or VI> 
VCC + 0.5 V 


±ISK 
DC switch diode current 
20 
mA 
for Vs < -0.5 V or Vs > VCC + 0.5 V 


±IS 
DC switch current 
25 
mA 
for -0.5 V < Vs < VCC + 0.5 V 


±IEE 
DC V EE current 
20 
mA 


±ICC; 
DC VCC or GND current 
50 
mA 
±IGND 


Tstg 
storage temperature 
range 
-65 
+150 
·C 


Ptot 
power 
dissipation 
per package 
for temperature range: -40 to +125·C 
74HC/HCT 


plastic OIL 
750 
mW 
above +70 ·C: derate linearly with 12 mW/K 


plastic mini-pack (SO) 
500 
mW 
above +70 ·C: derate linearly with 8 mW/K 


Ps 
power 
dissipation 
per switch 
100 
mW 


Note to ratings 


To avoid drawing 
VCC 
current 
out of terminals 
nZ, when 
switch 
current 
flows 
in terminals 
nYn. 
the voltage 
drop 
across the 
bidirectional 
switch 
must not exceed 
0.4 
V. 
If the switch 
current 
flows 
into terminals 
nZ, 
no VCC 
current 
will 
flow 
out of 


terminals 
nY n. In this case there 
is no limit 
for the voltage 
drop across the switch, 
but the voltages 
at n Y nand 
nZ may not 


exceed VCC or VEE. 


74HC 
74HCT 
SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 
min. 
typo 
max. 
min. 
typo 
max. 


VCC 
DC supply voltage VCC-GND 
2.0 
5.0 
10.0 
4.5 
5.0 
5.5 
V 
see Figs 6 and 7 


VCC 
DC supply voltage V CC-V EE 
2.0 
5.0 
10.0 
2.0 
5.0 
10.0 
V 
see Figs 6 and 7 


VI 
DC input voltage rangl~ 
GND 
VCC 
GND 
VCC 
V 


Vs 
DC switch voltage range 
VEE 
VCC 
VEE 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+85 
-40 
+85 
·C 
see DC and AC 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+125 
-40 
+125 
·C 
CHARACTERISTICS 


1000 
VCC=2.0V 
tr• tf 
input rise and fall times 
6.0 
500 
6.0 
500 
ns 
VCC=4.5V 


400 
VCC=6.0V 


250 
VCC = 10.0 V 


74HC/HCT4052 


MSI 
l. 
_ 


10 


Vec' GND 


IVI 


6 


VCC' GND 


IVI 


I 
I 
1 1 


1// 
/ope;;;tin;':rea 
/' 76 
1/1/ //1/ 
./ 


I 


DC CHARACTERISTICS 
FOR 74HC/HCT 


For 74HC: 
VCC - 
GND or VCC - VEE =2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: 
VCC - 
GND =4.5 and !;'5 V; VCC - VEE =2.0, 4.5, 6.0 and 9.0 V 


Tamb (OC) 
TEST CONDITIONS 


74HC/HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
IS 
Vis 
VI 
+25 
-40 
to +85 
-40to 
+125 
V 
V 
)J.A 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


- 
- 
- 
- 
n 
2.0 
0 
100 
VCC 
VIN 
100 
180 
225 
270 
n 
4.5 
0 
1000 
RON 
ON resistance (peak) 
90 
160 
200 
240 
n 
6.0 
0 
1000 
to 
or 


70 
130 
165 
195 
n 
4.5 
-4.5 
1000 
VEE 
VIL 


150 
- 
- 
- 
n 
2.0 
0 
100 
VIH 
80 
140 
175 
210 
n 
4.5 
0 
1000 
RON 
ON resistance (rail) 
70 
120 
150 
180 
n 
6.0 
0 
1000 
VEE 
or 


60 
105 
130 
160 
n 
4.5 
-4.5 
1000 
VIL 


150 
- 
- 
- 
n 
2.0 
0 
100 
VIH 
90 
160 
200 
240 
n 
4.5 
0 
1000 
RON 
ON resistance (rail) 
80 
140 
175 
210 
n 
6.0 
0 
1000 
VCC 
or 


65 
120 
150 
180 
n 
4.5 
-4.5 
1000 
VIL 


- 
n 
2.0 
0 
VCC 
VIH 
maximum 60N resistance 
9 
n 
4.5 
0 
/IRON 
between 
any two 
channels 
8 
n 
6.0 
0 
to 
or 


6 
n 
4.5 
-4.5 
VEE 
VIL 


Notes to DC characteristics 


1. At supply voltages (VCC - VEE) approaching 2.0 V the analog switch ON·resistance becomes extremely non·linear. There it is 


recommended 
that these devices bl! used to transmit digital 
signals only, 
when using these supply 
voltages. 


2. For test circuit 
measuring 
RON 
seE' Fig. 8. 


M",h 19881( 


74HC/HCT4052 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


Voltages are referenced to GND (ground = a V) 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 
+25 
-40 
to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 
2.0 


VIH 
HIGH level input volta!le 
3.15 
2.4 
3.15 
3.15 
V 
4.5 
4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.7 
6.3 
6.3 
9.0 


0.8 
0.5 
0.5 
0.5 
2.0 


VIL 
LOW level input voltago 
2.1 
1.35 
1.35 
1.35 
V 
4.5 
2.8 
1.8 
1.8 
1.8 
6.0 
4.3 
2.7 
2.7 
2.7 
9.0 


0.1 
1.0 
1.0 
6.0 
0 
VCC 
± II 
input 
leakage current 
0.2 
2.0 
2.0 
IlA 
10.0 
0 
or 
GND 


analog switch OFF-state 
VIH 
IVSI= 


±IS 
current 
per channel 
0.1 
1.0 
1.0 
IlA 
10.0 
0 
or 
VCC - VEE 


VIL 
(see Fig. 10) 


analog switch OFF-state 
VIH 
IVSI= 
±IS 
current 
all channels 
0.2 
2.0 
2.0 
IlA 
10.0 
0 
or 
VCC - VEE 


VIL 
(see Fig. 10) 


analog switch ON-state 
VIH 
IVSI= 
±IS 
current 
0.2 
2.0 
2.0 
IlA 
10.0 
0 
or 
VCC - VEE 
VIL 
(see Fig. 111 


VCC 
Vis = VEE 


8.0 
80.0 
160.0 
6.0 
0 
orVCC; 


ICC 
quiescent 
supply 
current 
16.0 
160.0 
320.0 
IlA 
10.0 
0 
or 
Vos = VCC 
GND 
or VEE 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 


+25 
-40 to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


14 
60 
75 
gO 
2.0 
0 


tPHLI 
propagation delay 
5 
12 
15 
18 
4.5 
0 
RL=~;CL=50pF 
tPLH 
Visto 
Vos 
4 
10 
13 
15 
ns 
6.0 
0 
Isee Fig. 181 


4 
8 
10 
12 
4.5 
-4.5 


turn "ON" time 
105 
325 
405 
490 
2.0 
0 


tPZHI 
E to Vas 
38 
65 
81 
98 
4.5 
0 
RL=~;CL=50pF 
tpZL 
30 
55 
69 
83 
ns 
6.0 
0 
Isee Figs 19, 20 and 21) 
Sn to Vas 
26 
46 
58 
69 
4.5 
-4.5 


turn "OFF" 
time 
74 
250 
315 
375 
2.0 
0 


tPHzl 
E to Vas 
27 
50 
63 
75 
4.5 
0 
RL=l 
kl1;CL= 
50pF 
tPLZ 
22 
43 
54 
64 
ns 
6.0 
0 
(see Figs 19, 20 and 21) 
Sn to Vas 
22 
38 
48 
57 
4.5 
-4.5 


74HC!HCT4052 


MSI l 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referenced to GND (ground = 0) 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


4.5 


VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 


4.5 


VIL 
LOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


VCC 
±II 
input 
leakage 
current 
0.1 
1.0 
1.0 
iJ.A 
5.5 
0 
or 
GND 


analog switch OFF-st<te 
VIH 
1VSI= 
±IS 
current 
per channel 
0.1 
1.0 
1.0 
iJ.A 
10.0 
0 
or 
VCC - VEE 
VIL 
(seeFig. 10) 


analog switch OFF-stete 
VIH 
1VSI= 


±IS 
current 
all channels 
0.2 
2.0 
2.0 
iJ.A 
10.0 
0 
or 
VCC - VEE 


VIL 
(seeFig. 10) 


analog switch ON-stat' 
VIH 
1VSI= 
±IS 
0.2 
2.0 
2.0 
iJ.A 
10.0 
0 
or 
VCC - VEE 
current 


VIL 
(seeFig. 11) 


VCC 
Vis = VEE 


ICC 
quiescent 
supply curre-nt 
8.0 
80.0 
160.0 
iJ.A 
5.5 
0 
or 
or VCC; 


16.0 
160.0 
320.0 
5.0 
-5.0 
GND 
Vos = VCC 
or VEE 


additional quiescent supply 
4.5 
other 
inputs 


lllCC 
current 
per input 
pin 10r 
100 
360 
450 
490 
iJ.A 
to 
0 
VCC 
at VCC or 
unit 
load coefficient 
is 1 
-2.1V 
(note 1) 
5.5 
GND 


Note to HCT types 


1. The value of additional quiescent supply current (llICC) for a unit load of 1 is given here. 


To determine lllCC per input. mu tiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Sn 
0.45 


E 
0.45 
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AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation delay 
5 
12 
15 
18 
4.5 
0 
RL =~;CL 
= 50 pF 
tpLH 
VistoVos 
4 
8 
10 
12 
ns 
4.5 
-4.5 
(see Fig. 18) 


tPZHI 


turn "ON" time 
41 
70 
88 
105 
4.5 
0 
RL = 1 kn; CL = 50 pF 
tpZL 
Eto 
Vos 
28 
48 
60 
72 
ns 
4.5 
-4.5 
(see Figs 19. 20 and 21) 
Sn to Vos 


tpHzl 
turn "OFF" 
time 
26 
50 
63 
75 
4.5 
0 
RL= 
1 kn;cL=50pF 
tpLZ 
E to Vos 
21 
38 
48 
57 
ns 
4.5 
-4.5 
(see Figs 19,20 and 21) 
SntoVos 


VCC·4,5V 
I 


I 
'\ 
I 


/ 
1/ 
6V 


I- 
I 


9V 
17 


1 
I"J 
7 
17 


I 


"L 
I 


I 
I 
I 
I 
I 


Fig. 9 Typical RON asa function 
of input voltage Vis 


for Vis = 0 to VCC - 
VEE. 


LOW=:t~ 


(from 
select 
input$) 


nVn 
nZ 


VI-VCCorVEE 
A 
A 
VO-VEEor 
VCC 
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ADDITIONAL 
AC CHARACTERISTICS 
FOR 74HC/HCT 
Recommended conditions and typical values 


GND = 0 V; Tamb = 25°C 


SYMBOL 
PARAMETER 
typo 
UNIT 
VCC 
VEE 
Vis(p-p) 
CONDITIONS 
V 
V 
V 


sine·wave distortion 
0.04 
% 
2.25 
-2.25 
4.0 
RL = 10 kn;cL 
=50pF 


1=1 kHz 
0.02 
% 
4.5 
-4.5 
8.0 
(seeFig. 14) 


sine-wave 
distortion 
0.12 
% 
2.25 
-2.25 
4.0 
RL=10kn;cL=50pF 
1= 10 kHz 
0.06 
Ok 
4.5 
-4.5 
8.0 
(seeFig. 14) 


switch "OF F" signal 
-50 
dB 
2.25 
-2.25 
RL = 600 n; CL = 50 pF; 


note 1 
1=1 MHz 
leed-through 
-50 
dB 
4.5 
-4.5 
(seeFigs 12 and 15) 


crosstalk between 
-60 
dB 
2.25 
-2.25 
RL =600n; 
CL = 50 pF; 
any two switches/ 
note 1 


multiplexers 
-60 
dB 
4.5 
-4.5 
1=1 MHz (seeFig. 16) 


RL =600n-'.cL 
= 50pF; 


crosstalk voltage be':ween 
110 
mV 
4.5 
0 
1=1 MHz(E orSn, 


VIp-pI 
control and any switch 
220 
mV 
4.5 
-4.5 
square-wavebetween VCC 
(peak-to-peak valu,) 
and GND. tr = tl = 6 ns) 
(seeFig. 17) 


1max 


minimum 
frequenc)' 
170 
MHz 
2.25 
-2.25 
note 2 
RL = 50 n; CL = 50 pF 


response(-3dB) 
180 
MHz 
4.5 
-4.5 
(seeFigs 13 and 14) 


maximum 
switch 


Cs 
capacitance 
independent 
(YI 
5 
pF 


common 
(2) 
12 
pF 


General 
note 


Vis is the input voltage 
at an nYn or nZ terminal. 
whichever 
is assigned 
as an input. 


Vas is the output voltage at an nYn or nZ terminal, whichever is assigned as an output. 


Notes 


1. Adjust input voltage Vis to 0 dEm level (0 dBm = 1 mW into 600 n). 
2. Adjust input voltage Vis to 0 dEm level at Vas lor 
1 MHz (0 dBm = 1 mW into 50 nl. 
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Note to Figs 12 and 13 


Test conditions: 
VCC = 4.5 V; GND = 0 V; VEE = -4.5 
V; 


RL = 50 n; Rsource=1 kn. 


",if 


vo 


, 


~GND 


Note to Fig. 17 


The crosstalk is defined asfollows (oscilloscope output): 


_~ 
__ 
I 


~.-r"IP.PI 


7Z9J949 
----, 


"I( M"oh 
1988 
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90" 


E,Sn 
INPUTS 
VMlll 


'0" 


Note to Fig. 19 


111HC 
: VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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TEST 
SWITCH 
I 
Vis 


tpZH 
VEE 
VCC 
tPZL 
VCC 
VEE 
tPHZ 
VEE 
VCC 
tPLZ 
VCC 
VEE 


others 
open 
pulse 


Definitions 
for Figs 20 and 21: 


CL = 
load capacitance 
including 
jig and 
probe 
capacitance 
(seeAC CHARACTERISTICS 
for 


values). 


RT = 
termination 
resistance 
should 
be equal 


to the output 
impedance Zo of the 
pulse generator. 


tr 
1f = 6 ns; when 
measuring 
fmax1 
there 


is no constraint 
to tr, 1f wilh 50% 


duty factor. 


NEGATIVE 


INPUT 


PULSE 
'] 


0% 
VM 
'W-~AMPLITUDE 


10% 


_ 
--'T-H-L-"-"----'-TL-H-"-',---I 
__ 
ov 


POSITIVE 


INPUT 


PULSE 


90% 


10% 
I_V_M 
,W 


tr;tf 


FAMILY 
AMPLITUDE 
VM 
fmax; 
OTHER 
PULSE WIDTH 


74HC 
VCC 
50% 
< 2 ns 
6 ns 


74HCT 
3.0 V 
1.3 V < 2 ns 
6 ns 


____ 
J 
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• 
Low "ON" 
resistance: 
80 n (typ.) 
at VCC - 
VEE 
= 4.5 V 
70 n (typ.) 
at VCC - 
VEE 
= 6.0 V 
60 n (typ.) 
at VCC - 
VEE = 9.0 V 
• 
Logic level translation: 
to enable 
5 V logic to communicate 
with ± 5 V analog 
signals 
• 
Typical 
"break 
before 
make" 
built 
in 
• 
Output 
capability: 
non-standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4053 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with the "4053" 
of the 
"4000B" 
series. They are specified 
in 
compliance 
with JEOEC standard 
no. 7A. 


The 74HC/HCT4053 
are triple 
2-channel 
analog multiplexers/demultiplexers 
with 
a common 
enable 
input 
(El. Each 
multiplexer/demultiplexer 
has two 
independent 
inputs/outputs 
(nYO and 
nY11. a common 
input/output 
(nZI and 


three digital select inputs 
(Sl to S3). 


With E LOW. one of the two switches 
is 


selected 
(low impedance 
ON-state) 
by 
Sl to S3. With E HIGH. all switches 
are 
in the high impedance 
OFF-state. 
independent 
of Sl to S3. 


VCC and GNO are the supply 
voltage pins 
for t!:'e digital control 
inputs 
(Sl to S3. 
and E). The VCC to G N0 ranges are 
2.0 to 10.0 V for HC and 4.5 to 5.5 V for 
HCT. The analog inputs/outputs 
(nYO 
and nY1. and nZ) can swing between 
VCC as a positive 
limit and VEE as a 
negative 
limit. 
VCC - 
VEE may not 
exceed 
10.0 V. 


For operation 
as a digital 
multiplexer/demultiplexer, 
VEE is 
connected 
to GNO (typically 
ground). 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPZH/ 
turn "ON" 
time 
E to Vos 
17 
23 
ns 
tPZL 
Sn to Vos 
CL = 15 pF 
21 
21 
ns 
RL = 1 kQ 


tPHZ/ 
turn "OFF" 
time 
VCC = 5 V 
E to Vos 
1B 
20 
ns 
tpLZ 
Sn to Vos 
17 
19 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CpO 
power dissipation 
notes 
1 and 2 
36 
36 
pF 
capacitance 
per switch 


max. 
switch 
capacitance 
Cs 
independent 
(YI 
5 
5 
pF 
common 
(ZI 
8 
8 
pF 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in p.W): 


Po = CPO X VCC' 
x fi + 1:: (CL + CS) x VCc' 
x fo ~where: 


fi = input frequency 
in MHz 
CL 
= output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
Cs 
= max. switch capacitance 
in pF 
1:{(CL + CS) x VCC' 
x fo: = sum of outputs 
VCC = supply 
voltage 
in V 


2. For HC 
the condition 
is V I = GN0 to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead 
01 L; plastic 
(SOT38ZI. 
16-lead 
mini-pack; 
plastic 
(5016; 
SOT1 09A). 


14 


lZ 


11 
5, 
!Yo 
12 


10 
5, 
lY, 
'3 


S3 
'Yo 


'Y, 


3Yo 


3Y, 
, 


2Z 
3Z 


15 
• 
lZ!l3964.1 


74HC/HCT 
4053 


MSI l 
----------------------------------------- 


PIN NO. 
SYMBOL 
NAME ANO FUNCTION 


2.1 
2YO,2Y, 
independent inputs/outputs 


5,3 
3YO,3Y1 
independent inputs/outputs 


6 
E 
enable input (active LOW) 


7 
VEE 
negativesupply voltage 


8 
GND 
ground (0 V) 


11,10,9 
Sl to S3 
select inputs 


12,13 
1YO.1Yl 
independent inputs/outputs 


14,15,4 
lZ to 3Z 
common 
inputs/outputs 


16 
VCC 
positive supply voltage 


• 
Analog multiplexing 
and 


demultiplexing 


• 
Digital multiplexing 
and 


demultiplexing 


• 
Signal gating 


INPUTS 
CHANNEL 


E 
Sn 
ON 


L 
L 
nYO - nZ 


L 
H 
nY1 - nZ 


H 
X 
none 


H = HIGH voltage level 
L = LOWvoltage level 
X = don't 
care 


LOGIC 


LEVEL 


CONVE 
RSION 
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RATINGS 
Limiting values in accordance with the Aosolute Maximum System (IEC 134) 


Voltages are referenced to VEE = GND (ground ~ 0 VI 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+11.0 
V 


±IIK 
DC digital input diode current 
20 
mA 
for VI < -0.5 V or VI> 
VCC + 0.5 V 


±ISK 
DC switch diode current 
20 
mA 
for Vs < -0.5 V or Vs > VCC + 0.5 V 


±IS 
DC switch current 
25 
mA 
for -0.5 V < Vs < VCC + 0.5 V 


±IEE 
DC V EE current 
20 
mA 


±ICC; 
DC VCC or GND current 
50 
mA 
±IGND 


Tstg 
storage temperature 
ranHe 
-65 
+150 
°c 


Ptot 
power 
dissipation 
per package 
for temperature range: -40 to +125 °c 
74HC/HCT 


plastic DIL 
750 
mW 
above +70 °C: derate linearly with 12 mW/K 


plastic mini·pack (SO) 
500 
mW 
above +70 °C: derate linearly with 8 mW/K 


Ps 
power 
dissipation 
per switch 
100 
mW 


Note to ratings 


To avoid drawing 
VCC 
current 
out of terminals 
nZ, when switch 
current 
flows 
in terminals 
nV n. the voltage 
drop 
across the 
bidirectional 
switch 
must not exceed 
0.4 
V. 
If the switch 
current 
flows 
into terminals 
nZ, 
no VCC 
current 
will 
flow 
out of 
terminals 
n Y n' In this case there 
is no limit 
for the VOltage drop 
across the switch, 
but the voltages at nY nand 
nZ may 
not 
exceed VCC or VEE· 


74HC 
74HCT 


SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 


min. 
typo 
max. 
min. 
typo 
max. 


VCC 
DC supply voltage VCC-GND 
2.0 
5.0 
10.0 
4.5 
5.0 
5.5 
V 
see Figs 6 and 7 


VCC 
DC supply voltage VCC-VEE 
2.0 
5.0 
10.0 
2.0 
5.0 
10.0 
V 
see Figs 6 and 7 


VI 
DC input voltage range 
GND 
VCC 
GND 
VCC 
V 


Vs 
DC switch voltage range 
VEE 
VCC 
VEE 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+85 
-40 
+85 
°c 
see DC and AC 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+125 
-40 
+125 
°c 
CHARACTE RISTICS 


1000 
VCC=2.0V 


tr• tf 
input 
rise and fall times 
6.0 
500 
6.0 
500 
ns 
VCC = 4.5 V 


400 
VCC = 6.0 V 
250 
VCC = 10.0 V 


'I( M."h 
1988 


74HC/HCT 
4053 


MSI 
l__ -- 


'0 


VCC·GNO 


IVI 


• 


VCC·GND 


IV' 


I 
1 
! 


1/1/ /1/1/1/1/ 
L; 
1// 
/ ':";";-;'''i7v 7 


1 
I 
I 
T 
I 
I 
I 
I 
1 


DC CHARACTERISTICS 
FOR 74HC/HCT 


For 74HC: 
VCC - GND or VCC - VEE = 2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: 
VCC - GND = 4.5 and 5.5 V; VCC - VEE = 2.0, 4.5, 6.0 and 9.0 V 


Tamb (OC) 
TEST CONDITIONS 


74HC/HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
IS 
Vis 
V, 


+25 
-40 to +85 
-40 to +125 
V 
V 
pA 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


- 
- 
- 
- 
n 
2.0 
0 
100 
VCC 
V,H 
100 
180 
225 
270 
n 
4.5 
0 
1000 
RON 
ON resistance (peak) 
90 
160 
200 
240 
n 
6.0 
0 
1000 
to 
or 


70 
130 
165 
195 
n 
4.5 
-4.5 
1000 
VEE 
V,L 


150 - 
- 
- 
n 
2.0 
0 
100 
V,H 
80 
140 
175 
210 
n 
4.5 
0 
1000 
RON 
ON resistance(rail) 
70 
120 
150 
180 
n 
6.0 
0 
1000 
VEE 
or 


60 
105 
130 
160 
n 
4.5 
-4.5 
1000 
V,L 


150 - 
- 
- 
n 
2.0 
0 
100 
V,H 
90 
160 
200 
240 
n 
4.5 
0 
1000 
RON 
ON resistance(rail) 
80 
140 
175 
210 
n 
6.0 
0 
1000 
VCC 
or 


65 
120 
150 
180 
n 
4.5 
-4.5 
1000 
V,L 


- 
n 
2.0 
0 
VCC 
V,H 
maximum 
~ON resistance 
9 
n 
4.5 
0 
LlRON 
between any two channels 
8 
n 
6.0 
0 
to 
or 


6 
n 
4.5 
-4.5 
VEE 
V,L 


Notes to DC characteristics 


1. At supply voltages (VCC -VEE' 
approaching 2.0 V the analog switch ON·resistance becomes extremely non·linear. Therefore it is 
recommended 
that these devices be used to transmit digital signals only, when using these supply voltages. 
2. For test circuit 
measuring RON see Fig. 8. 
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DC CHARACTERISTICS 
FOR 74HC 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 
+25 
-40 to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 
2.0 


VIH 
HIGH level input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 
4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.7 
6.3 
6.3 
9.0 


0.8 
0.5 
0.5 
0.5 
2.0 


VIL 
LOW level input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 
2.8 
1.8 
1.8 
1.8 
6.0 
4.3 
2.7 
2.7 
2.7 
9.0 


0.1 
1.0 
1.0 
6.0 
0 
VCC 


±II 
input 
leakage current 
0.2 
2.0 
2.0 
JlA 
10.0 
0 
or 
GND 


analog switch 0 FF-state 
VIH 
IVSI= 
±IS 
current 
per channel 
0.1 
1.0 
1.0 
JlA 
10.0 
0 
or 
VCC - 
VEE 


VIL 
(see Fig. 10) 


analog switch OFF·state 
VIH 
IVSI~ 
±IS 
current 
all channels 
0.1 
1.0 
1.0 
JlA 
10.0 
0 
or 
VCC - VEE 


VIL 
(see Fig. 10) 


analog switch ON·state 
VIH 
IVSI~ 
±IS 
current 
0.1 
1.0 
1.0 
JlA 
10.0 
0 
or 
VCC - VEE 


VIL 
(see Fig. 11) 


8.0 
80.0 
160.0 
6.0 
0 
Vce 
Vis = VEEor 


Ice 
quiescent 
supply 
current 
16.0 
160.0 
320.0 
JlA 
10.0 
0 
or 
Vec; 
Vos = 


GND 
VeCorVEE 
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AC CHARACTERISTICS 
FOR 
74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
-40 
to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


15 
60 
75 
90 
2.0 
0 
RL =~; 
tpHLI 
propagation 
delay 
5 
12 
15 
18 
4.5 
0 


tpLH 
VistoVos 
4 
10 
13 
15 
ns 
6.0 
0 
CL = 50 pF 


4 
8 
10 
12 
4.5 
-4.5 
(see Fig. 18) 


60 
220 
275 
330 
2.0 
0 
RL = 1 kn; 
tpZHI 
turn "ON" 
time 
20 
44 
55 
66 
4.5 
0 
CL = 50 pF 


tpZL 
Eto 
Vos 
16 
37 
47 
56 
ns 
6.0 
0 
(see Figs 19. 


15 
31 
39 
47 
4.5 
-4.5 
20 and 21) 


75 
220 
275 
330 
2.0 
0 
RL=lkn; 
tPZHI 
turn "ON" 
time 
25 
44 
55 
66 
4.5 
0 
CL=50pF 


tpZL 
Sn to Vos 
20 
37 
47 
56 
ns 
6.0 
0 
(see Figs 19. 


15 
31 
39 
47 
4.5 
-4.5 
20 and 21) 


63 
210 
265 
315 
2.0 
0 
RL = 1 kn; 


tPHzI 
turn "OFF" 
time 
21 
42 
53 
63 
4.5 
0 
CL = 50 pF 


tPLZ 
Eto 
Vos 
17 
36 
45 
54 
ns 
6.0 
0 
(see Figs 19, 


15 
29 
36 
44 
4.5 
-4.5 
20 and 21) 


60 
210 
265 
315 
2.0 
0 
RL = 1 kn; 
tpHzI 
turn "OFF" 
time 
20 
42 
53 
63 
4.5 
0 
CL = 50 pF 


IpLZ 
Sn 10 Vos 
16 
36 
45 
54 
ns 
6.0 
0 
(see Figs 19, 


15 
29 
36 
44 
4.5 
-4.5 
20 and 211 
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DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referencedto GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 
+25 
-40 to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


4.5 


VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 


4.5 


VIL 
LOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


VCC 
±II 
input 
leakage current 
0.1 
1.0 
1.0 
IlA 
5.5 
0 
or 
GND 


analogswitch OFF-state 
VIH 
IVSI = 
±IS 
current 
per channel 
0.1 
1.0 
1.0 
IlA 
10.0 
0 
or 
VCC - VEE 


VIL 
(seeFig. 10) 


analogswitch OFF·state 
VIH 
1VSI= 
±IS 
current 
all channels 
0.1 
1.0 
1.0 
IlA 
10.0 a 
or 
VCC - VEE 


VIL 
(seeFig. 10) 


analogswitch ON-st'te 
VIH 
IVSI= 
±IS 
0.1 
1.0 
1.0 
IlA 
10.0 
0 
or 
VCC - VEE 
current 
VIL 
(seeFig. 11) 


8.0 
80.0 
160.0 
5.5 
0 
VCC 
Vis = VEE or 
ICC 
quiescent 
supply 
current 
16.0 
160.0 
320.0 
IlA 
5.0 
-5.0 
or 
Vce; Vos = 
GND 
VCeorVEE 


additional 
quiescent 
supply 
4.5 
VCC 
other 
inputs 
current 
per input 
pin for 
/lIce 
unit 
load coefficient 
is 1 
100 
360 
450 
490 
IlA 
to 
0 
-2.1 
at VCC or 


(note 1) 
5.5 
V 
GND 


Note to HCT types 


1. The value of additional quiescent supply current (/lIce) 
for a unit load of 1 is given here. 
To determine /lIce 
per input. multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Sn 
0.50 


E 
0.50 
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AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
-40 to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
5 
12 
15 
18 
4.5 
0 
RL = ~; 
ns 
CL = 50 pF 


tPLH 
Vis to Vos 
4 
8 
10 
12 
4.5 
-4.5 
(see Fig. 18) 


27 
48 
60 
4.5 
RL=lk.n; 
tpZHI 
turn "ON" 
time 
72 
0 
CL = 50 pF 


tpZL 
E to Vos 
16 
34 
43 
51 
ns 
4.5 
-4.5 
(see Figs 19, 
20 and 21) 


25 
48 
60 
4.5 


RL=1 
k.n; 
tpZHI 
turn "ON" 
time 
72 
0 
CL =50pF 


tpZL 
Sn to Vos 
16 
34 
43 
51 
ns 
4.5 
-4.5 
(see Figs 19, 
20 and 21) 


tPHzI 
RL = 1 k.n; 
turn "OFF" 
time 
24 
44 
55 
66 
4.5 
0 
CL = 50 pF 


tPLZ 
E to Vos 
15 
31 
39 
47 
ns 
4.5 
-4.5 
(see Figs 19, 
20 and 21) 


tPHzI 


RL = 1 k.n; 


turn "OFF" 
time 
22 
44 
55 
66 
4.5 
0 
CL = 50 pF 


tPLZ 
Sn to Vos 
15 
31 
39 
47 
ns 
4.5 
-4.5 
(see Figs 19, 
20 and 21) 
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I 
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Fig. 9 Typical RON asa function of input voltage 
Vis for Vis = 0 to VCC - VEE. 
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ADDITIONAL 
AC CHARACTEBISTICS 
FOR 74HC/HCT 
Recommended conditions and typical values 


GND=OV;Tamb=25'C 


SVMBOL 
PARAMETER 
typo 
UNIT 
VCC 
VEE 
Vis(p-p) 
CONDITIONS 
V 
V 
V 


sine-wave 
distortion 
0.04 
% 
2.25 
-2.25 
4.0 
RL = 10 kn;cL 
= 50pF 


f =1 kHz 
0.02 
% 
4.5 
-4.5 
B.O 
Isee Fig. 14) 


sine-wave 
distortion 
0.12 
% 
2.25 
-2.25 
4.0 
RL = 10 kn;cL 
= 50 pF 


f =10 kHz 
0.06 
% 
4.5 
-4.5 
B.O 
(seeFig. 14) 


switch "OFF" 
signa 
-50 
dB 
2.25 
-2.25 
note 1 
RL =600n;cL 
= 50pF 
feed·through 
-50 
dB 
4.5 
-4.5 
f = 1 MHz (seeFigs 12 and 15) 


crosstalk between 
-60 
dB 
2.25 
-2.25 
RL = 600 n; CL = 50 pF; 
any two switches/ 
note 1 
multiplexers 
-60 
dB 
4.5 
-4.5 
f = 1 MHz (seeFig. 16) 


RL = 600 nicL 
= 50 pF; 


crosstalk 
voltage 
between 
110 
mV 
4.5 
0 
f=1 
MHz(EorSn. 


VIp-pI 
control 
and any switch 
220 
mV 
4.5 
-4.5 
square-wavebetween VCC 
(peak·to-peak val",,1 
and GND. tr = tf = 6 ns) 
(seeFig. 17) 


fmax 


minimum 
frequency 
response 
160 
MHz 
2.25 
-2.25 
note 2 
RL =50n;cL 
= 10 pF 
(-3dB) 
170 
MHz 
4.5 
-4.5 
(seeFigs 13 and 14) 


maximum 
switch 
capacitance 
Cs 
independent (V) 
5 
pF 


common 
(Z) 
B 
pF 


General 
note 


Vis is the input 
voltage 
at an n Y n or nZ terminal, 
whichever 
is assigned as an input. 
Vas 
is the output 
voltage 
at an n Y n or nZ terminal, 
whichever 
is assigned as an output. 


Notes 


1. Adjust input voltage Vis to 0 dBm level (0 dBm = 1 mW into 600 n). 
2. Adjust input voltage Vis to 0 dBm level at Vas for 1 MHz (0 dBm = 1 mW into 50 n). 


'" 
II 
II 
II - lli 
~ 
I 
- 
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I--- 


I--- 


I 


I--- 
--++tttfj 
I-- 
I-- 
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I 


I-- 
- 
~b 
I--- 
- 
I-- 
- 
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Fig. 12 Typical switch "OFF" 
signal 


feed-through asa function of frequency. 
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'T 
I 
I 
~ 
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I 
I 


t-- 
- 
f-- 
t-- 
- 
f--- 


I 
f-- 


I 
f-- 


j 


~ 


f--- 


\ 
'--- 
f-- 
f-- 
cl 
'--- 


R 


L if 
v., 


~GND 


oYo'oZ 
"'~ 
oZloYo 
Vi'-H~¥1I 


0.1 
",F 
AL 


AL 
Cl 
channel 


ON 


GND 


Note to Figs 12 and 13 


Test conditions: 
VCC = 4.5 V; GND = 0 V; VEE = -4.5 
V; 


RL = 50 fl.; Rsource 
= 1 kfl.. 


Note to Fig. 17 


The crosstalk 
is defined 
as follows 
loscilloscope 
output): 


_~_ 
I 
~_-r 
vIp_pI 


1Z93949 
----, 


74HC/HCT4053 


MSI 
l 
_ 


90% 


e.sn 
INPUTS 
VMIlI 


10% 


Fig. 18 Waveformsshowing the input (Vis) to 
output 
(Vos) 
propagation delays. 


Note to Fig. 19 


(1) HC 
: VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3 V; VI = GND to 3 V. 
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TEST 
SWITCH 
Vis 


tpZH 
VEE 
VCC 


tpZL 
VCC 
VEE 


tpHZ 
VEE 
VCC 
tpLZ 
VCC 
VEE 


others 
open 
pulse 


Definitions 
for Figs 20 and 21: 


CL = load capacitance including jig and 
probe 
capacitance 
(seeAC CHARACTERISTICS 
for 


values). 


RT = termination 
resistance should 
be equal 


to the output impedance Zo of the 
pulse generator. 


tr 
tf = 6 ns; when 
measuring imax• there 
is no constraint 
on tr. tf W th 50% 


duty factor. 


NEGATIVE 


INPUT 


PULSE "]\ 


VM 


10% 


-- 
-- 
ITHl hfl 


POSITIVE 


INPUT 


PULSE 


tr; tf 


FAMILY 
AMPLITUDE 
VM 
fmax: 


OTHER 
PULSE WIDTH 


74HC 
VCC 
50",1, 
< 2 ns 
6 ns 


74HCT 
3.0 V 
1.3 V < 2 ns 
6 ns 
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• 
Synchronous 
programmable 
divide-by-n 
counter 
• 
Presettable 
down 
counter 
• 
Fully 
static 
operation 
• 
Mode 
select 
control 
of initial 
decade 
counting 
function 
(divide-by-' 
,8, 


5,4 
and 21 
• 
Master 
preset 
initialization 
• 
Latchable 
output 


• 
Easily 
cascadable 
with 
other 
counters 
• 
Four 
operating 
modes: 


timer 
divide-by-n 
divide-by-' 
0 000 
master 
preset 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4059 
are high-speed 


Si-gate CMOS devices and are pin 
compatible 
with the "4059" 
of the 


"4000B" 
series. They are specified 
in 


compliance 
with JEOEC 
standard 
no. 7A. 


The 74HC/HCT4059 
are divide-by-n 


counters 
which 
can be programmed 
to 
divide 
an input 
frequency 
by any number 


(n) from 3 to 15999. 
There are four 
operating 
modes, timer, divide-by-n, 


divide-by-l0 
000 and master preset, 
which 


are defined 
by the mode select inputs 


(Ka to Kcl and the latch enable input (LE) 
as shown 
in the 
Function 
table. 


(continued 
on next pagel 


SYMBOL 
I PARAMETER 


TYPICAL 


CONDITIONS 
UNIT 


HC 
HCT 


tpHL( 
i 


I 
propagation 
delay 
I CL = 15 pF 
18 
20 
ns 


tPLH 
I 
CP to Q 


fmax 
I 
max imum clock 
frequency 
I VCC=5V 
40 
40 
MHz 


Ct 
I 
input capacitance 
3.5 
3.5 
pF 


CPO 
I 


power 
dissipation 
notes 1 and 2 
30 
32 
pF 
capacitance 
per package 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in ~WI: 


Po = CPO x VCC' 
x fi + ~ (CL x VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
VCC 
= supply voltage in V 
~ (CL x VCC' 
x fol = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


24-lead 
D IL; plastic 
(SOT1 01 A). 


24-lead 
mini-pack; 
plastic 
(S024; 
SOT137A). 


¢ 


CTRDIVm 


C, 
LE 
4059 


J, 
S 
J, 
, 


S 
J3 
22 
, 
J, 
21 


22 
J, 
'0 


21 
J, 
" 


'0 
J, 
I. 
JAM 
Z, 
17 


J. 


" 
J. 
4059 
0 
23 


" 
I. 
J. 
15 
J. 
17 
J 10 
10 
,. 
J" 
• 
15 
J" 
• 


'0 
J" 


) 


16 


J" 
J" 


14 


:}sEL 


13 
J15 
11 


J,. 


GNO 
K. 
Kb 
K, 
CLK 


I 


lZ21'!9 
1.20 
23 


lZ2111S 
" " 
11 
C2 


Fig. 1 Pin configuration. 
Fig.2 
Logic symbol. 
Fig.3 
IEC logic symbol. 
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PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
CP 
clock 
input 
(LOW·to-HIGH, 
edge-triggered) 


2 
LE 
latch 
enable 
lactive 
HIGH) 


3,4,5,6, 
22,21,20,19, 
J1 to J16 
programmable 
JAM 
inputs 
(BCD) 
18,17,16,15, 
10,9,8,7 


12 
GND 
ground 
10 V) 


14,13,11 
Ka to Kc 
mode select inputs 


23 
Q 
divide-by-n 
output 


24 
VCC 
positive 
supply 
voltage 


The complete 
counter 
consists of a first 


counting 
stage, an intermediate 
counting 


stage and a fifth 
counting 
stage, The first 


counter 
stage consists 
of four independent 


flip-flops, 
Depending 
on the 
divide-by-mode, 
at least one flip-flop 
is 
placed at the input of the intermediate 
stage (the 
remaining 
flip-flops 
are placed 


at the fifth 
stage with 
a place value of 


thousands). 
The intermediate 
stage 


consists 
of three cascaded 
decade CQunters 


each containing 
four 
flip-flops. 
' 


All 
flip-flops 
can be preset to a desired 
state by means of the JAM 
inputs 
I,] 1 to 


J 161, during 
which 
the clock 
input 
ICP) 


will 
cause all stages to count 
from 
fI to 


zero. The zero-detect 
circuit 
will then 


cause all stages to return 
to the JAM count, 


during 
which 
an output 
pulse 
is generated. 
In the timer mode, after an output 
pulse 


is generated, 
the output 
pulse remains 
HIGH 
until 
the 
latch 
input 
(LE) 
goes LOW. 
The 
cau nter 
will 
advance, 
even 
if LE is 
HIGH 
and the output 
is latched 
in the 
HIGH 
state. 
In the divlde-by·n 
mode, 
a 
clock cycle wide pulse is generated 
with a 
frequency 
rate equal to the input 
frequency 
divided 
by n, 


The function 
of the mode 
select and JAM 


inputs are illustrated 
in the following 
examples, 
In the divlde-by-2 
mode, 
only 
one flip-flop 
is needed 
in the first counting 


section. 
Therefore 
the last (5th) counting 
section 
has three flip-flops that can be 


• 
Frequency 
synthesizer, 
ideally 


suited 
for 
use with 


PC74HC/HCT4046A 
and 


PC74HC/HCT7046A 
IPLLs) 


• 
Fixed 
or programmable 
frequency 


division 
• 
"Time 
out" 
timer 


preset to a maximum 
count 
of seven with 
a place value of thousands. 
This counting 
mode is selected when Ka to Kc are set 
HIGH, 
In this case input 
J1 is used to 


preset the first counting 
section 
and J2 to 
J4 are used to preset the last 15th) 
counting 
section. 


If the divide-by-10 
mode 
is desired 
for 
the 
first 
section, 
Ka and Kb are set HI G Hand 
Kc is set LOW, The JAM 
inputs 
J 1 to J4 
are used to preset the first counting 
section 
(there 
is no last counting 
section). 


The intermediate 
counting 
section 
consists 
of three 
cascaded 
BCD decade 


(divide-by-10) 
counters, 
presettable 
by 


means of the JAM 
inputs 
J5 to J 16, 


916 
S,ptem"', 19931( 


_____ 
p_ro_ 


9 


_r_a_m_m_a_b_le_d_iv_id_e_-_b_ 


Y 


_-n_c_o_u_n_te_r 
J 


GENERAL 
DESCRIPTION 
The preset of the counter to a desired 
divide-by-n 
is achieved 
as follows: 


n= (MODE') 
(1 000 x decade 5 preset 


+ 100 x decade 4 preset 
+ lOx 
decade 3 preset 


+ 1 x decade 2 preset) 
+ decade 1 preset 


..•.MODE 
= first counting 
section 
divider 


(10,8,5,4 
or 2), 


To calculate preset values for any "n" 
count, 
divide 
the "n" 
count by the 


selected mode, The resultant is the 
corresponding preset value of the 5th to 
the 2nd decade with the remainder being 
equal to the 1st decade value; preset 
value = n/mode. 


If n = 8 479, and the selected mode = 5, 
the preset value = 8 479/5 
= 1 695 with 
a remainder of 4, thus the JAM inputs 
must be set as shown in Table 1. 


To verify the results, use the given 
equation: 


n = 5 (1000 
x 1 + 100 x 6 + 10 x 9 
+ 1 x 5) + 4 


n = 8 479. 


If n = 12382 and the selected mode = 8, 
the preset value = 1238218 = 1 547 with 
a remainder of 6, thus the JAM inputs 
must be set as shown in Table 2. 


To verify: 


n=8(1 
000 x 1 + 100x5+ 
10x4 
+ 1 x 7) + 6 


n = 12382. 


If n = 8 479 and the selected mode = 10, 
the preset value = 8 479/10 
with a 
remainder of 9, thus the JAM inputs must 
be set as shown in Table 3. 


To verify: 


n = 10 (1000 
x 0 + 100 x 8 + 10 x 4 
+ 1 x 7) + 9 


n = 8 479. 
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The three decadesof the intermediate 
counting 
section 
can be preset to a binary 


15 instead of a 8CD 9. In this casethe 
first cycle of a counter 
consists of 
15 count pulses, the next cycles consisting 
of 10 counting pulses. Thus the place value 
of the three decadesare still 1, 10 and 100. 
For example, in the divide-by-8 mode, the 
number 
from 
which 
the intermediate 


counting 
section 
begins to count-down 
can be preset to: 


3rd decade: 
2nd decade: 
1st decade: 


1500 
150 
15 


The last counting section can be preset to 
a maximum 
of 
1, with 
a place value 
of 


1 000. The first counting section can be 
preset to a maximum 
of 7. To calculate 
n: 


n=8 
(1 000 x 1 + 100x 15+ lOx 
15 


+ 1 x 15) .•. 7 


n = 21 327. 
(continued 
on next page) 


LATCH 
MODE 
FIRST COUNTING 
LAST COUNTING 
COUNTER 
ENABLE 
SELECT 
Si"CTION 
SECTION 
RANGE 
INPUT 
INPUTS 
DECADE 1 
DECADE 5 


1 


Kal 


! 


OPERATION 


I LE 
MAX. 
I JAM 
DIVIDE 
MAX. 
JAM 
BCD 
BINARY 
Kb I Kc 
MODE 
PRESET 
INPUTS 
PRESET 
INPUTS 
STATE 
USED 
BY 
STATE 
USED 
MAX. 
MAX. 


I 


H 
H 
H 
IH 
2 
11 
J1 
8 
7 
I J2J3J4 
15999117331 
I 


H 
IL 
I H 
IH 
4 
13 
J lJ2 
4 
3 
J3J4 
115999 
18663 


H 
H 
L 
H 
5 
4 
J lJ2J3 
12 
1 


1 J4 
9999 
13329 
timer 
mode 


H 
L 
I L 
IH 
8 
7 
J1J2J3 
12 
I 1 
J4 
15999121 
327 


H 
H 
H 
IL 
110 
9 
J 1J2J3J4 
1 
0 
- 
I 
9999 
16659 


L 
H 
H 
jH 
12 
! 1 
J1 
18 
7 
J2J3J4 
115999 
17331 
! 


L 
L 
H 
H 
4 


13 
J1J2 


14 
3 
J3J4 
15999 
18663 


L 
H 
L 
IH 
5 


14 
J lJ2J3 
2 
1 
J4 
9999 
13329 


I divide.by-n mode 


L 
L 
L 
H 
8 


17 
J 1J2J3 
2 
1 
J4 
15999 
21327 


I L 
H 
H 
IL 
10 
9 
J 1J2J3J411 
0 
- 
9999 
16659 
I 


H 
L 
H 
L 
10 
9 
J 1J2J3J411 
0 
- 
9999 
16659 


L 
L 
H 
L 
pres3t 
inhibited 


I 


preset inhibited 
fixed 
- 
divide·by-lO 000 mode 
10000 


X 
X 
L 
L 
master 
preset 
master preset 
- 
- 
master 
preset mode 


Where: 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 


Note 


It is recommended 
that 
the device 
is in the master 
preset mode 
(Kb = Kc = logic 0) in order 
to correctly 
initialize 
the device prior 
to 
start-up. 
An example 
of a suitable 
external 
circuit 
is shown 
in Fig. 
14. 


4 
1 
5 
9 
6 


J1 
J2 
J3 
J4 
J5 
J6 h 
Ja 
Jg 
JlO 
J11 
J12 
J13 
J14 
J15 
J16 


L 
L 
H 
H 
H 
L 
H 
L 
H 
L 
L 
H 
L 
H 
H 
L 


6 
1 
7 
4 
5 


J1 
J2 
J3 
J4 
J5 
J6 
J., 
Ja 
Jg 
JlO 
Jll 
J,2 
J,3 
J,4 
J15 
J16 


L 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 
L 
H 
L 
H 
L 


9 
7 
4 
a 


J1 
J2 
J3 
J4 
J5 
J6 
J., 
Ja 
Jg 
JlO 
Jll 
J12 
J13 
J14 
J15 
J16 


H 
L 
L 
H 
H 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 
H 


21 327 is the maximum possible count in 
the divide·by·a mode. The highe!! count of 
the various 
modes 
is shown 
in thl! Function 


table, in the column entitled "binary 
counter 
range". 


The 
mode 
select inputs 
permit, 
when 
used 


with 
decimal 
programming, 
a non-BCD 


least significant digit. For example, the 
channel spacing in a radio is 12.5 kHz, it 
may 
be convenient 
to program 
the counter 


in decimal steps of 100 kHz suboivided 
into a steps of 12.5 kHz controll=d 
by the 


least significant digit. Also frequency 
synthesizer channel separations cf 10, 12.5, 
20, 25 and 50 parts can be chosen by the 
mode 
select inputs. 
This 
is called 


"Fractional 
extension" 
A similar 


extension 
called 
"Half 
channel 
o·:fset" 
can 


--I 
r channel 
SQaCII1g 


I 


~ 
I 
I 
I 
I 


_ 
1- ,",!f,h,,".'olf~, 


be obtained in modes 2, 4, 6 and a, if the 
JAM inputs 
are switched between zero and 
1,2,3 
and 4 respectfully. 
This is 


illustrated 
in Fig. 5. 


This features is used primarily is cases 
where 
radio 
channels 
are allocated 
according 
to the following 
formula: 


Channel 
frequency 
= channel 
spacing x 
(N + 0.5) 


N is an integer. 


Control 
inputs Kb and Kc can be used to 


initiate and lock the counter in the 
"master 
preset" 
mode. 
I n this condition 


the flip-flops 
in the counter 
are preset in 


accordance 
with 
the JAM 
inputs and the 


counter 
remains 
in that 
mode 
as long as 
Kb and Kc both remain LOW. The counter 


begins to count 
down 
from 
the preset 
state when 
a counting 
mode 
other 
than 


the "master 
preset" 
mode 
is selected. 


Whenever 
the" 
master 
preset" 
mode 
is 
used, control signals Kb = Kc = LOW must 
be applied for at least 2 full clock pulses. 
After 
the 
"master 
preset" 
mode 
inputs 
have been changed 
to one of the counting 
modes, 
the next 
positive-going 
clock 


transition 
changes an internal 
flip-flop 
so 
that 
the count-down 
begins on the 
second positive-going 
clock 
transition. 


Thus, after 
a "master 
preset" 
mode, 
there 


is always 
one extra 
count 
before 
the 
output goes HIGH. Figure 6 illustrates the 
operation 
of the counter 
in the divide-by-8 
mode starting 
from 
the preset 
state 3. 
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If the "master preset" mode is started 
two 
clock 
cycles or less before 
an output 
pulse, the output 
pulse will appear at the 


correct 
moment. 
When 
the output 
pulse 


appears and the "master preset" mode is 
not selected, 
the counter 
is preset 
according 
to the states of the JAM 
inputs. 


When Ka, Kb' Kc and LE are LOW, t1e 
counter 
operates 
in the 
"preset 
inhibit" 
mode, 
during 
which 
the counter 
divides 
at 


a fixed rate of 10 000, independent of the 
state of the JAM inputs. However, the 


first cycle length aher leaving the "master 
preset" mode is determined by the JAM 
inputs. 


When Ka, Kb and Kc are LOW and input 
LE = HIGH, the counter operates in the 
normal divide·by·10 mode, however, 
without 
the 
latch operation 
at the output. 


This device 
is particularly 
advantageous 
in 
digital frequency synthesizer circuits 
(VHF, 


UHF, FM, AM etc.1 for communication 
systems, where programmable divide-by-"n" 
counters 
are an integral 
part 
of the 


synthesizer phase·locked-loop sub·system. 
The 74HC/HCT4059 
can also be used to 


perform the synthesizer "fixed 
divide·by·n" 


counting 
function, 
as well 
as general 
purpose 
counting 
for 
instrumentation 


functions 
such as totalizers, 
production 
counters 
and "time 
out" 
timers. 


Schmitt-trigger 
action at the clock input 
makes the circuit 
highly 
tolerant 
to slower 
clock 
rise and fall times. 


DC CHARACTERISTIC 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = a V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


I 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 


I 


propagation delay 


1 


58 
200 


1 


250 
300 
2.0 


I Fig 7 
21 
40 
50 
60 
ns 
4.5 


tPLH 
CP to Q 
17 
34 
43 
51 
6.0 


tPHL/ 


I 


propagation delay 
50 
175 
220 
265 
2.0 
18 
35 
44 
53 
ns 
4.5 
Fig.8 
tPLH 
LE to Q 
14 
30 
37 
45 
6.0 


tTHL/ 
I 


19 
75 
95 
110 


I 


2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 


! 


tTLH 


I 
6 
13 
16 
19 
6.0 


jtw 


clock pulse width 


1 


90 
7 
115 
135 
2.0 
18 
6 
23 
27 
ns 
4.5 
Fig. 7 
CP 
15 
5 
90 
23 
6.0 


I 


removal 
time 


1 


75 
19 
95 
110 


I 


2.0 
trem 
Kb, Kc to CP 
15 
7 
19 
22 
ns 
4.5 
Fig. 9; note 1 
13 
6 
16 
19 
6.0 


maximum 
clock 
pulse 
4.2 
12 
3.4 
2.8 
20 


fmax 
21 
36 
17 
14 
MHz 
4.5 
Fig.7 
frequency 
25 
43 
20 
17 
6.0 


Note 
to the characteristic 
table 


1. From 
master 
preset mode 
to any other 
mode. 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapt,,, "HCMOS family characteristics", section "Family specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent su)ply current (t>ICCI for a unit load of 1 is given in the family specifications. 
To determine t>ICC per input, multi)ly 
this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


CP 
0.65 
LE 
0.65 
In 
0.50 
Ka 
1.00 


Kb 
1.50 


Kc 
0.85 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


tPHLI 
propagation delay 


I 


24 
46 
58 
69 
ns 
4.5 
I 


Fig.7 
tPLH 
CPto Q 


tpHLI 
propagation delay 
24 
46 
58 
I 


69 
ns 
I 


4.5 
Fig.8 
tpLH 
LE to Q 


tTHLI 
output 
transition 
time 


I 


7 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 


tw 
I 


clock pulse width 


I 


20 
7 
25 
30 
ns 
4.5 
Fig. 7 
CP 


trem 
removal 
time 
15 
7 
9 
22 
4.5 
Fig. 9; note 1 
Kb' Kc to CP 
ns 


fmax 


maximum 
clock 
pulse 
21 
36 
17 
14 
MHz 
4.5 
Fig. 7 
frequency 


Note to the characteristic table 


1. F rom master 
preset mode 
to any other 
mode. 
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Fig. 7 Waveforms showing the clock ICP) to output IQ) 
propagation delays, the clock pulsewidth, the output 
transition 
times 
and the maximum 
clock 
frequency. 


Fig. 9 Waveforms showing the Kb or Kc removal times, 
when 
the operating 
mode 
is switched 
from 
master 
preset 
to any other mode. 


Note 
to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC· 


HCT: VM = 1.3V; VI = GND t03V. 
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Calculating 
the minimum 
and maximum 
divide-by-n 
values: 


Output frequency range= 87.6 to lC3.8 
MHz (CCI R band 21 


Channel spacing frequency (fc) = 300 kHz 


Division factor prescaler (kl = 10 


Reference frequency (frl = 
!£ = 300 = 30 kHz 
k 
10 


Maximum 
divide-by-n 
value 
= 


103.8 MHz = 346 
300 kHz 


Minimum 
divide-by-n 
value 
= 


87.6 MHz = 292 
300 kHz 


Fixed divide-by-n value = io~~~ 
= 100 


Application 
of the "4059" 
asdivide-by-n 
counter 
allows 
programming 
of the 
channel 
spacing 
(shown 
in equations 
as 
300 kHz). A channel in the CCIR band 2 
is selected by the divide-by-n counter as 
follows: 


channel = n - 290 


Figure 11 shows a BCD switch compmible 
arrangement 
suitable 
for divide-by-5 
and 
divide-by-8 modes, which can be adapted 
(with minimal changesl to the other 
divide·by-modes. In order to be able to 
preset to any number from 3 to 256 1l00, 
while preserving the BCD switch 
compatible character of the JAM inputs, 
a rather complex 
cascading scheme is 
necessary because the "4059" 
can ne'ler 


be preset to count less than 3. Logic 
circuitry 
is required 
to detect 
a condition 


where 
one of the numbers 
to be preset in 


the "4059" 
is < 3. In order to simplify 
the detection 
logic, only 
that condition 
is 
detected 
where the JAM inputs to 


terminals 6,7 and 9 would be LOW during 
one count. 
If such a condition 
is detected, 
and if at least 1 is expected 
to be jammed 


into 
the MSB counter, 
the detection 
logic 
removes 
one from 
the number 
to be 


jammed into the MSB counter (with a 
place value of 2 000 times the 
divide-by-mode) and jams the same2 000 
into the "4059" by forcing pins 6,7 and 
9 HIGH. 


The generalcircuit in Fig. 11can be 
simplified considerably if the rangeof the 
cascaded cou nters do not start at a very 
low value. 


Figure 12 showsan arrangement in the 
divide-by-4 mode, where the counting 
rangeextends in a BCD switch compatible 
manner from 99 003 to 114999. The 
arrangement 
shown 
in Fig. 
12 is easy to 


follow; once during every cycle the 
programmed digits are jammed in (15616 
in this example) 
and then 
a round 
number 
of 11 000 is jammed in, nine times in 
succession, 
by forcing 
the JAM 
inputs via 


AND/OR gates. 


Numbers 
larger than 
the extended 
counter 


rangecan also be produced by cascading 
the PC74HC/HCT4059 with someother 
counting 
devices. 
Figure 
13 shows such 


an arrangement 
where 
only one fixed 


divide-by number is desired.The dual 
flip-flop wired to produce a divide-by-3 
count 
can be replaced 
by other 
counters 
such asthe "190", "191", "192", "193", 
"4017", 
"4510" and "4516". 


In Fig. 13 the divide-by-n sub-system is 
preset once to a number 
which 
represents 


the least significant digits of the 
divide-by number (15 690 in the example 
shown in Fig. 131.The sub-system is then 
preset twice to a round number (8 000 in 
the example shown in Fig_ 131and 
multiplied by the number of the divide-by 
mode (2 in the example shown in Fig_ 13). 


To verify: 


15690 + 2 x 8 000 x 2 = 47 690. 


It is important 
that 
the second counting 
device hasan output that is HIGH or LOW 
during 
only 
one of its counting 
states. 
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Note to Fig. 11 


Each AND gate is 1/4 of PC74HC/HCT08. 
Each OR gate is 1/3 of PC74HC/HCT4075. 
Each NOR gate is 1/2 of PC74HC/HCT4002. 
Each inverter is 1/6 of PC74HC/HCT04. 
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Fig 
14 
External 
CirCUit for master 


preset 
at start-up 


Notes to Fig. 14 


1 RC;;' 
1 
. 
~ 0.2 x fC? (Hz) 


2. It is assumed that the fC? starts directly 


aher the power-on. 
Any additional 


delay in starting 
fC? must be added to 


the RC time. 
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• 
All active components on chip 
• 
RC or crystal oscillator 
configuration 
• 
Output 
capability: 
standard (except 
for RTC and CTC) 


• 
ICC category: MSI 


The 74HC/HCT4060 are high·speed 
Si-gateCMOSdevicesand are pin 
compatible with "4060" of the "4000B" 
series. They 
are specified 
in compliance 
withJEOECstandard no. 7A. 


The 74HC/HCT4060 are 14-stage 
ripple·carry 
counter/dividers 
and 
oscillators 
with 
three 
oscillator 
terminals 
(RS, RTC and CTC). ten buffered octputs 
(03 to 09 and 011 to 013) and an 
overriding 
asynchronous 
master 
reset 
(MRI. 
The 
oscillator 
configuration 
allows 
design 


of either 
RC or crystal 
oscillator 
circuits. 


The oscillator may be replacedby an 
external 
clock 
signal at input 
RS. 
In this casekeep the other oscillator 
pins (RTC and CTC) floating_ 


The counter advances on the negative- 
going transition of RS.A HIGH level on 
MR resetsthe counter (03 to 09 and 
011 to 013 = lOW). independent of 
other 
input 
conditions. 


In the HCT version, the MR input is TTl 
compatible, but the RS input hasCMOS 
input switching levels and can be drivan 
by a TTl 
output by usinga pull·up 
resistor to VCC. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHl/ 


propagation delay 


RSto 03 
CL = 15 pF 
31 
31 
ns 


tPLH 
OntoOn+1 
VCC = 5 V 
6 
6 
ns 


tPHL 
MR to On 
17 
18 
ns 


fmax 
maximum 
clock 
frequency 
87 
88 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1, 2 and 3 
40 
40 
pF 
capacitance per package 


GNO = 0 V; Tamb = 25°C; tr = tf = 6 ns 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PO in IlW): 


Po = CPOx VCC' x fi + 1: ICL x VCC' x fo) where: 


fi 
= input frequency in MHz 
CL 
output load capacitancein pF 


fo = output frequency in MHz 
VCC = supply voltage in V 


E (CL X VCC' x fo) = sumof outputs 
2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 1.5 V 


3. 
For formula 
on dynamic 
power 
dissipation 
see next 
page. 


PACKAGE 
OUTLINES 


16-lead DI L; plastic (SOT38Zj. 
16-lead mini·pack; plastic (5016; SOT109A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,2,3 
011 to 013 
counter 
outputs 
7,5,4,6, 
03 to 09 
counter 
outputs 
14,13,15 
8 
GNO 
ground (0 V) 
9 
CTC 
external 
capacitor 
connection 
10 
RTC 
external 
resistor connection 
11 
RS 
clock input/oscillator pin 
12 
MR 
master 
reset 
16 
VCC 
positive supply voltage 
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PARAMETER 
VCC 
TYPICAL 
FORMULA 
FOR PD I~WI Inote 
11 
V 


total 
dynamic 
power 
2.0 
CPD x fosc x VCC' 
+ l:(Cl 
x VCC' 
x fol + 2Ct x VCC' 
x fosc + 
60 x VCC 


dissipation 
when 
using the 
4.5 
CpD x fosc x VCC' 
+ ~(Cl 
x VCC' 
x fol + 2Ct x VCC' 
x fosc + 1750 
x VCC 
on·chip 
oscillator 
(PD) 
6.J 
CPD x fosc x VCC' 
+ l:ICl 
x VCC' 
x fol + 2Ct x VCC' 
x fosc + 3 800 x VCC 


PARAMETER 
VCC 
TYPICAL 
FORMULA 
FOR PD (~W) Inote 1) 
V 


total 
dynamic 
power 
dissipation 
when using the 
4.5 
CPD x fosc x VCC' 
+ l:(Cl 
x VCC' 
x fol + 2Ct x VCC' 
x fosc + 1750 
x VCC 


on·chip 
osciliator 
(PD) 


Notes 


1. Where: fa 
= output 
frequency 
in MHz 


fasc = oscillator 
frequency 
in MHz 


~ (Cl 
x VCC' 
x fa) = sum of outputs 


Cl 
= output 
load capacitance 
in pF 


Ct 
= timing capacitance in pF 


VCC = supply voltage in V 


• 
Control 
counters 


• 
Timers 


• 
Frequency 
dividers 


• 
Time-delay 
circuits 
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1 
2 
4 
8 
16 
32 
64 
128 
256 
512 
1024 
2048 
4096 
8192 
16.384 


AS i...JLn..I1..J"U 1.SU U U U U 1.SU 1.SU U U 


MA --l-- 
_ 


03 
JL 
L L L L L L L L L L 


a, 
JL 
L L L L L L L L L 


aS 
JL 
L L L L L L L L 


a, 
JL 
L L L L L L L 


a, 
JL 
L L L L L L 


a, 
JL 
L L L L L 


a. 
JL 
L L L L 


a" 
JL 
L L 


a" 
JL 
L 


a" 
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DC CHARACTERISTICS 
FOR 74HC 


Output capability: standard (except for RTC and CTC) 
ICC category: MSI 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max·1 
min. 
max. 
min. 
max. 


I 


1.5 
1.3 


I 


1.5 


1 


1.5 


Iv 


2.0 


I 


VIH 


HIGH level input voltage 
3.15 
2.4 
3.15 
3.15 
4.5 


MR input 
4.2 
3.1 
4.2 
4.2 
6.0 


I 0.8 
0.5 
0.5 
0.5 
2.0 


VIL 
LOW level input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 


MR input 
2.8 
1.8 
1.8 
1.8 
6.0 


I 


1.7 


I 
I 


1.7 


I 


1.7 
2.0 


VIH 
HIGH level input voltage 
3.6 
3.6 
3.6 
V 
4.5 


RSinput 
4.8 
4.8 
4.8 
6.0 


I 
I 


0.3 


I 


0.3 
0.3 


Iv 


2.0 


I 


VIL 
LOW level input voltage 
0.9 
0.9 
0.9 
4.5 
RSinput 
1.2 
1.2 
1.2 
6.0 


3.98 
3.84 


I 


3.7 
4.5 
RS=GND 
-10 
= 2.6 mA 
V 
and 
5.48 
5.34 
5.2 
6.0 
MR=GND 
-10 
= 3.3 mA 


3.98 
3.84 
I 
3.7 
4.5 
RS=VCC 
-10 
= 0.65 mA 
V 
and 
5.48 
5.34 
I 


5.2 
6.0 
MR=VCC 
-10 
= 0.85 mA 


VOH 
HIGH level output voltage 
RTC output 
1.9 
2.0 


I 


1.9 


I 


1.9 
2.0 
RS=GND 
-10 
= 20llA 


4.4 
4.5 
4.4 
4.4 
V 
4.5 
and 
-10 
= 20llA 


I 


5.9 
6.0 
5.9 
5.9 
6.0 
MR=GND 
-10 
= 20llA 


1.9 


1 
2 


. 
0 


I 


19 


I 


1.9 
2.0 
RS=VCC 
-10 
= 20llA 


4.4 
4.5 
44 
4.4 
V 
4.5 
and 
-10 
= 20llA 
5.9 
6.0 
59 
5.9 
6.0 
MR=VCC 
-10 
= 20llA 


1 


HIGH level output voltage 
3.98 


1 
3.84 


1 


3.7 


I 


4.5 
1 RS=VIH 
-10 
= 3.2 mA 
VOH 
CTC output 
5.48 
5.34 
5.2 
V 
6.0 
and 
-10 
= 4.2 mA 
MR=VIL 


I VOH 


I HIGH level output voltage 
1.9 
2.0 


I 


1.9 


I 


1.9 
2.0 
VIH 
-10 
= 20llA 


I 


4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10 
= 20llA 
except RTC output 
5.9 
6.0 
5.9 
5.9 
6.0 
VIL 
-'0=2OIlA 


HIGH level output voltage 
3.98 


I 


3.84 


I 


3.7 
Iv 


4.5 
VIH 
-10 
= 4.0 mA 
VOH 
except RTC and CTC 
5.48 
5.34 
5.2 
6.0 
or 
-10 
= 5.2 mA 
outputs 
VIL 


0.26 


1 
0.33 
0.4 
4.5 
RS=VCC 
10 = 2.6 mA 
and 
0.26 
0.33 
0.4 
6.0 
MR=GND 
10 = 3.3 mA 
LOW level output voltage 
VOL 
RTC output 
0 
0.1 


I 


0.1 


I 


0.1 
2.0 
RS=VCC 
10 = 20llA 


0 
0.1 
0.1 
0.1 
V 
4.5 
and 
10=2OIlA 


0 
0.1 
0.1 
0.1 
6.0 
MR=GND 
10 = 20llA 


I 


LOW level output voltage' 
I 


0.26 
0.33 
0.4 
4.5 
RS=VIL 
'0 = 3.2 mA 
VOL 
CTC output 
0.26 
0.33 
0.4 
V 
6.0 
and 
10 = 4.2 mA 
MR=VIH 
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Tamb (OC) 
TEST CONDITIONS 


74HC 
vcci 
VI 
SYMBOL 
PARAMETER 
I -40to+85 
UNIT 
OTHER 


I 


+25 
-40 to +125 
VI 


min. 
typo 
max.l 
min. I max. 
min. 
max. 


LOW level output voltage 
0 
0.1 
I 
0.1 
I 
0.1 
2.0 
' VIH 
10=2OI'A 


VOL 
except RTC output 
0 
0.1 


I 


0.1 
I 


0.1 
V 
4.5 
or 
10=201'A 


0 
0.1 
0.1 
0.1 
6.0 
VIL 
10 = 20l'A 


LOW level output voltage 
0.261 
0.331 
0.4 
4.5 
VIH 
10 = 4.0 mA 


VOL 
except RTC and CTC 
0.261 
0.33 
0.4 
V 
6.0 


1 


or 
110 = 5.2 mA 
outputs 
VIL 


I 
I 


Vec 


±II 
input 
leakage 
current 
0.1 
1.0 
1.0 
I'A 
6.0 
or 
GND 


I 


Vce 
Ice 
quiescent 
supply 
current 
8.0 
80.0 
160.0 
I'A 
6.0 
or 
10 = 0 
GND 


'I( M",h 1988 
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AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
-40to+125 
1 


UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
99 
300 
375 
450 
2.0 
36 
60 
75 
90 
ns 
4.5 
Fig. 12 
tpLH 
RS to Q3 
29 
51 
64 
77 
6.0 


tPHLI 


I 


propagation delay 
I 


22 
80 
100 
120 


I ns 


2.0 
8 
16 
20 
24 
4.5 
Fig. 14 
tPLH 
Qn to Qn+l 
6 
14 
17 
20 
6.0 


propagation delay 
55 
175 
220 


I 


265 
2.0 


tpHL 
20 
35 
44 
53 
ns 
4.5 
Fig. 13 
MR to Qn 
16 
30 
37 
45 
6.0 


I 
19 


I 


tTHLI 
I 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 12 


tTLH 


I 
6 
13 
16 
19 
6.0 


clock pulse width 
80 rl 


100 
120 
I 


I ns 


2.0 


tw 
16 
20 
24 


I 


4.5 
Fig. 12 
RS; HIGH or LOW 
14 
17 
20 
6.0 


master reset pulse 
80 
25 


I 


100 
120 
2.0 


I 
Fig. 13 
tw 
16 
9 
20 
24 
ns 
4.5 
width MR; HIGH 
14 
7 
17 
20 
6.0 


removal 
ti me 
100 
28 
125 
150 
2.0 
trem 
MR to RS 
20 
10 
25 
30 
ns 
4.5 
Fig. 13 


17 
8 
21 
26 
6.0 


maximum 
clock 
pulse 
6.0 
26 
4.8 
4.0 
2.0 


fmax 
30 
80 
24 
20 
MHz 
4.5 
Fig. 12 
frequency 
35 
95 
28 
24 
6.0 


930 
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74HC/HCT4060 


MSI 


Output capability: standard (except for RTC and CTC) 
ICC category: MSI 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 


+25 
-40 to +85 
-40 to +125 
V 


I 
min. 
typo 
max. 
min. 
max. 
min. 
max. 


I VIH 


4.5 
HIGH level input voltage 
2.0 
2.0 
2.0 
V 
'to 
note 2 


5.5 


I VIL 


I 


4.5 
LOW level input voltage 
0.8 
0.8 
0.8 
V 
to 
note 2 
5.5 


i 


13.98 


RS~GND 


I 


3.84 
3.7 
V 
4.5 
and 
-10 = 2.6 mA 


I 
MR=GND 


I 
RS=VCC I 


I 


3.98 
1 
3.84 
3.7 
V 
4.5 
and 
-10 
= 0.65 mA 


I VOH 
HIGH level output voltage 
I 
I 
MR=VCC 


I 
RTC output 


1 
44 
RS=GND 
44 
4.5 
44 
V 
4.5 
and 
-10=20",A 
MR~GND 


I 
I RS=VCC 
44 
4.5 
44 


I 


44 
V 
4.5 
and 
-10 
= 20 ",A 


MR=VCC 


HIGH level output voltage 
RS=VIH 


1-10 = 3.2 mA 
VOH 
CTC output 
3.98 
3.84 
3.7 
V 
4.5 
and 


I 
MR=VIL 


1 


1 
44 


; 


Iv 


I VIH 
HIGH level output voltage 
VOH 
except RTC output 
4.5 
44 
44 
4.5 
or 
-10 = 20 ",A 


I 
VIL 


HIGH level output voltage i 


I 


VIH 


VOH 
except RTC and CTC 
13.98 
3.84 
3.7 
V 
4.5 
or 
-10 
= 4.0 mA 
outputs 
VIL 


I 


I 


10.33 


14.5 


RS=VCC 


I 
0.26 
04 
V 
and 
10 = 2.6 mA 
LOW level output voltage 
I 
MR~GND 
VOL 
RTC output 
I 


1 
01 


RS=VCC 


I 
0 
0.1 
0.1 
V 
4.5 
and 
10=20",A 


I 
MR=GND 


LOW level output voltage 
RS~VIL I 


VOL 
CTC output 
0.26 
0.33 
0.4 
V 
4.5 
and 
10 = 3.2 mA 


I 
MR~VIH 


I 


LOW level output voltag, 


I 
I 


I VIH 


VOL 
except RTC output 
0 
0.1 
0.1 
0.1 
V 
4.5 
or 
10 = 20 ",A 
VIL 


LOW level output voltag, 


I 
I 


VIH 
VOL 
except RTC and CTC 
0.26 
0.33 
04 
V 
4.5 
or 
10=4.0mA 
outputs 
VIL 


I 


VCC 
± II 
input 
leakage current 
0.1 
1.0 
1.0 
",A 
5.5 
or 
GND 


74HC/HCT4060 


MSI 


DC CHARACTERISTICS 
FOR 74HCT 
(continued) 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 


-40to 
+1251 


UNIT 
VCC 
VI 
OTHER 


+25 
-40 to +85 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


! 


160.0 I 
I 


VCC 


ICC 
quiescent 
supply 
current 
i 8.0 
80.0 
p.A 
5.5 
or 
10 = 0 
GND 


additional 
quiescent supply 
4.5 
other inputs at 


AICC 
current 
per input 
pill 
for 
100 
360 
450 
490 
p.A 
to 
VCC 
VCC or GND; 
unit 
load coefficienl 
is 1 
5.5 
-2.1 
V 
10 = 0 
(note 1) 


Notes to HCT types 


1. The value of additional 
quiescent supply current (AICC) for a unit load of 1 is given here. 
To determine AICC per input, rnultiply 
this value by the unit load coefficient 
shown in the table below. 
2. Only input MR (pin 12) has TTL input switching levels for the HCT versions. 


UNIT LOAD l 
COEFFICIENT 


0.40 
] 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 
to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
33 
66 
83 
99 
ns 
4.5 
Fig. 12 
tpLH 
RS to Q3 


tpHL/ 


I 


propagation delay 
8 
16 
20 
24 
ns 
14.5 


I 


Fig. 14 
tPLH 
Qn to Qn+1 


tPHL 
propagation delay 


I 
I 


21 


I 


44 
55 
66 
ns 
4.5 
Fig. 13 
MR to Qn 


tTH L/ 
output 
transiti on time 
7 
15 
19 
22 
ns 


14.5 
Fig. 12 
tTLH 


tw 
clock pulse width 
16 
6 


I 


20 
24 
ns 
4.5 
Fig. 12 
RS; HIGH or LOW 


tw 
master reset pulse 
16 
6 
20 
24 
ns 
4.5 
Fig. 13 
width MR; HIGH 


trem 


I 


removal 
ti me 
26 
[13 
33 
39 
4.5 
Fig. 13 
MR to RS 
ns 


fmax 


maximum 
clock 
pulsH 
30 
80 
24 
20 
MHz 
4.5 
Fig. 12 
frequency 


March 
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I 
I 
ml/ 4: 
I 
I 
'jP 
I 
I 
1/ 
<L. 
I 
1/ 


I 
IV 
I I 
I 
1/I 1/ 
VI 
I 
I 
I A 
I AI/I 
I 
I 
I 
I 
I If 
A 
I 
I 
I 
I 
I 1 I 
I 
I 
I I 


g,s 


(mAN) 
12 


"'" 
~ 
.. 


'~.~ 
_~ 
v--Y~"~GND 


II.l~ 
---L~ 


lZ9JJ25 


Fig. 7 Test set-up for measuring 
forward 


transconductance 
9f5 = dio/dvi at 


Vo is constant 
(see also graph Fig. 8); 
MR = LOW. 


s 


vcc (V) 


Fig. 8 Typical 
forward 
transconductance 
9fs 


as a function 
of the supply 
voltage VCC at 


Tamb 
= 25 'C. 


I 
SoL, .; 
,. 


R, 
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" 
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Fig. 9 
RC oscillator 
frequency 
as a function 
of Rt and Ct at VCC = 2.0 to 6.0 V; 
Tamb = 25 'C. 


Ct curve at Rt = 1DOkl1; R2 = 200 kl1. 
Rt curve at Ct = 1 n F; R2 = 2 x Rt. 


Fig. 10 Example 
of a RC oscillator. 


Typical 
formula 
for oscillator 
frequency: 


f 
_ 
1 
osc 
2.5 x Rt x Ct 


The oscillator 
frequency 
is mainly determined 
by RtCt, provided 
R2 ~ 2Rt and R2C2 «: RtCt. The function 
of R2 is to minimize 
the 


influence 
of the forward 
voltage 
across the input 
protection 
diodes 
on the frequency. 
The stray capacitance 
C2 should 
be kept 
as small 


as possible. 
In consideration 
of accuracy, 
Ct must be larger than 
the inherent 
stray capacitance. 
Rt must 
be larger than the "ON" 


resistance 
in series with it, which typically 
is 280 l1 at VCC = 2.0 V. 130 l1 at VCC = 4.5 Vand 
100 l1 at VCC = 6.0 V. 


The 
recommended 
values for these components 
to maintain 
agreement 
with 
the typical 
oscillation 
formula 
are: 


Ct> 
50 pF, up to any practical 
value, 


10 kl1 < Rt < 1 Ml1. 


In order to avoid start·up 
problems, 
Rt;;;. 1 kl1. 


74HC/HCT4060 
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TYPICAL 
CRYSTAL 
OSCILILATOR 
In Fig. 11, R2 is the power limi-:ing resistor. 
For starting 
and maintaining 
oscillation 
a minimum 
transconductance 
is necessary, 
so R2 should 
not 


be too large. A practical value for R2 is 2.2 k.l1. 


C3--U'22 
10I 
37 of 


VM111 


-'w 
----=1 


I_"",_{_v",,, r 


Fig. 12 Waveforms showing the clock (RS) to 
output (Q3) propagation delays, the clock pulse 
width, the output transition times and the 
maximum 
clock 
frequency. 


Fig. 13 Waveformsshowing the master reset 
(MRl pulse width, the master resetto output 
(Qn) propagation delays and the master reset 
to clock (RSl removal time. 


Fig. 14 Waveforms showing the output (Qn) to 
Qn+ 1 propagation delays. 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3V;VI 
= GNDt03V, 
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Fig. 1 Pin configuration. 
Fig.2 
Logic symbol. 
Fig. 3 IEC logic symbol. 


• 
Very low "ON" 
resistance: 


50 n (typ.) at VCC = 4.5 V 
45 n (typ.l 
at VCC = 6.0 V 
35 n (typ.l 
at VCC = 9.0 V 
• 
Output 
capability: 
non-standarcl 
• 
ICC category: SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4066 are high·speed 
Si-gateCMOSdevicesand are pin 
compatible with the "4066" of the 
"4000B" series.They arespecified in 
compliance with JEOEC standard no. 7A. 


The 74HC/HCT4066 havefour 
independent 
analog switches. 
Eachswitch hastwo input/output 
terminals (nY, nZI and an active HIGH 
enable input (nEl. When nE is L.OW 
the belonging analog switch is turned off. 


The "4066" 
is pin compatible with the 


"4016" 
but exhibits a much lower "ON" 


resistance. 
In addition, 
the "ON" 
resistance 
is relatively 
constant 
over 
the 


full input signal range. 


74HC/HCT4066 
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TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPZH/ 
I 


turn-on 
time 
11 I 


12 
I 
tPZL 
nE to Vos 
CL = 15 pF 
ns 


tPHZ/ 
turn-off 
time 
RL = 1 kn 


I 


VCC = 5 V 
13 
16 
tpLZ 
nE to Vos 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 
power 
dissipation 
notes 1 and 2 
11 
12 
pF 
capacitance 
per switch 


Cs 
max. 
switch 
capacitance 
8 
8 
pF 


Notes 


1. 
CPO is usedto determine the dynamic power dissipation IPO in /J.W): 


Po = CPOx VCC' x fi + ~ (ICL + Csi x VCC' x fa) where: 


fj 
= input 
frequency 
in MHz 
CL 
= output 
load capacitance 
in pF 


fa = output 
frequency 
in MHz 
Cs 
= max. 
switch 
capacitance 
in pF 


~ ({CL + CS) x VCC' x fa) = sum of outputs 
VCC = supply voltage in V 


2. 
For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC -1,5 
V 


PACKAGE 
OUTLINES 


14-lead OIL; plastic {SOT271. 
14-lead mini-pack; 
plastic (S014; SOT108Al. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,4,8,11 
1Yto 4Y 
independent 
inputs/outputs 


2,3,9,10 
1Z to 4Z 
independent 
inputs/outputs 


7 
GNO 
ground (Q VI 


13,5,6,12 
1E to 4E 
enable inputs lactive HIGH) 


14 
VCC 
positive 
supply 
voltage 


74HC/HCT4066 
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INPUT 
SWITCH 
nE 


L 
off 
H 
on 


Fig. 4 
Functional 
diagram~ 


936 
S"tembe, 19931 ( 


_____ 
Q_U_a_d_b_ila_t_e_r_al_S_w_it_c_h_eS 
• 
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74HC/HCT4066 


SSI 


RATINGS 


Limiting 
values in accordance with thl! Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = a V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
I 
DC supply voltage 
-0.5 
+11.0 
V 
I 


±IIK 
I 
DC digital input diode current 
20 
mA 
for VI < -0.5 
V or VI > VCC + 0.5 V 


,. 


j 
I 


I 
±ISK 
I 
DC switch diode current 
I 20 
mA 
for Vs < -0.5 
V or Vs > VCC + 0.5 V 


±IS 
DC switch 
current 
25 
mA 
for -0.5 
V < Vs < VCC + 0.5 V 


±ICC; 


DC VCC or GND cur'ent 
I 


50 
I 


mA 


I 
:':IGND 


Tstg 
I 
storage 
temperature 
range 
-65 
+150 
'c 


Ptot 
power 
dissipation 
per package 


1750 


for temperature range: -40 
to +125 °c 


74HC/HCT 


plastic OIL 
mW 
above +70 'C: derate linearly with 12 mW/K 


plastic mini-pack (SO) 
500 
mW 
above +70 'C: derate linearly with 8 mW/K 


Ps 
power 
dissipation 
per switch 
100 
mW 


Note to the Ratings 


To avoid 
drawing 
VCC 
current 
out of terminal 
nZ, when 
switch 
current 
flows 
in terminal 
nY, 
the voltage 
drop 
across the bidirectional 


switch 
must not exceed 
0.4 
V. 
If the switch 
current 
flows 
into 
terminal 
nZ, no VCC 
current 
will 
flow 
out of terminal 
nY. 
In this case 
there is no limit for the voltage drop across the switch. but the voltages at nY and nZ may not exceed VCC or GND. 


74HC 
74HCT 


SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 


min. 
typo 
max. 
min. 
typ, 
max. 


VCC 
I 
DC supply voltage 
I 
2.0 
5.0 
10.0 
4.5 
5.0 
5.5 
I V 


I 


VI 
DC input vOltage range 
GND 
VCC 
GND 
VCC 
! V 


Vs 
DC switch voltage range 
GND 
VCC 
GND 
VCC I V 


Tamb 
operating 
ambient 
temperature 
range 
I 
-40 
+85 
I 
-40 
+85 
I 'c 
see DC and AC 


I 
Tamb 
operating 
ambient 
temperature 
range 
I 
-40 
+125 
-40 
+1251 'c 
CHARACTERISTICS 


1000 
VCC=2.0V 


tr,tf 
input 
rise and fall times 
6.0 
500 
6.0 
500 
ns 
VCC=4.5V 


400 
VCC=6.0V 


250 
VCC = 10.0 V 
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DC CHARACTERISTICS 
FOR 74HC/HCT 


For 74HC: 
VCC = 2.0, 4.5, 6.0 and 9.0 V 


For 74HCT: VCC = 4.5 V 


Tamb 1°C) 
TEST CONDITIONS 


74HC/HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
IS 
Vis 
VI 


+25 
-40 
to +85 
-40to+125 
V 
IlA 


min. 
typo 
max. 
min. 
max.1 
min. 
max. 


I 
- 
- 
- 


I 


- 
n 
2.0 
100 
VCC 
VIH 
54 
95 
118 
142 
n 
4.5 
1000 


RON 
ON·resistance (peak) 
42 
84 
105 
126 
n 
6.0 
1000 
to 
or 


32 
70 
88 
105 
n 
9.0 
1000 
GND 
VIL 


80 
- 
- 
- 
n 
2.0 
100 
VIH 
35 
75 
95 
115 
n 
4.5 
1000 
RON 
ON·resistance (rail) 
27 
65 
82 
100 
n 
6.0 
1000 
GND 
or 


20 
55 
70 
85 
n 
9.0 
1000 
VIL 


100 
- 
- 
- 
n 
2.0 
100 
VIH 
42 
80 
106 
128 
n 
4.5 
1000 


RON 
ON·resistance (raill 
35 
75 
94 
113 
n 
6.0 
1000 
VCC 
or 


27 
60 
78 
95 
n 
9.0 
1000 
VIL 


maximum 
variation 
of 
- 
n 
2.0 
VCC 
VIH 
5 
n 
4.5 
t.RON 
ON-resistance betwe(~n 
4 
n 
6.0 
to 
or 
any two channels 
3 
n 
9.0 
GND 
VIL 


Note to DC characteristics 


1. At supply 
voltages 
approaching 
2 V, the analog switch 
ON-resistance 
becomes 
extremely 
non-linear. 
Therefore 
it is recommended 
that 
these devices be used to transmit 
digital 
signals only, 
when 
using these supply 
voltages. 
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Fig. 9 Typical ON-resistance(RON) asa function of 
input voltage (V;s) for Vis = a to VCC. 
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DC CHARACTERISTICS 
FOR 74HC 


Voltage 
are referenced 
to GND 
Iground 
= 0 VI 


I 


Tamb 
lOCI 
TEST 
CONDITIONS 


74HC 


I SYMBOL 
I 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
--40 
to +85 
-40to+125 
V 


I 
I 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 
2.0 


VIH 
HIGH 
level 
input 
voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 
4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.7 
6.3 
6.3 
9.0 


I 
I 


0.8 
0.50 
0.50 
0.50 
2.0 
2.1 
1.35 
1.35 
1.35 
4.5 


I VIL 
LOW 
level input 
voltage 
2.8 
1.80 
1.80 
1.80 
V 
6.0 


I 
43 
2.70 
2.70 
2.70 
9.0 


I 
0.1 
1.0 
1.0 
6.0 
VCC 


1=1 
1 
input 
leakage current 
0.2 
2.0 
2.0 


p.A 
10.0 
or 
GND 


analog switch 
OFF·st.3te 


I 
I 


VIH 
IVSI = VCC 
- 
GND 


I 


±IS 
0.1 
1.0 
1.0 
p.A 
10.0 
or 
current 
per channel 


VIL 


Isee Fig. 
71 


analog switch 
ON-state 
VIH 
IVSI = VCC-GND 
±IS 
0.1 
1.0 
1.0 
p.A 
10.0 
or 
current 
VIL 


Isee Fig. 81 


quiescent 
supply 
current 
2.0 
20.0 
40.0 
6.0 
VCC 
Vis = GND 
or VCC; 
ICC 
4.0 
400 
80.0 
p.A 


10.0 
or 
Vos = VCC 
or GND 
GND 


AC CHARACTERISTICS 
FOR 14HC 


GND 
= 0 V; tr = tf = 6 ns; CL = 50 ~F 


Tamb 
(oC) 
TEST 
CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
--40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max.l 
min. 
max. 


I 


8 
60 
75 
90 
2.0 
RL =~; 


tpHLI 
propagation 
delay 
3 
12 
15 
18 
ns 
4.5 
CL = 50 pF 


tPLH 
Vis to Vas 
2 
10 
13 
15 
6.0 
(see Fig. 17) 


2 
8 
10 
12 
90 


36 
100 
125 
150 
2.0 
RL=lkl"l; 
tPZHI 
turn-on 
time 
13 
20 
25 
30 
4.5 


tPZL 
nE to Vos 
10 
17 
21 
26 
ns 
6.0 
CL = 50 pF 


8 
13 
16 
20 
9.0 
(see Figs 18 and 
19) 


I 
44 
150 
190 
225 
2.0 
RL=1kf!; 


tPHzI 
I 
turn-off 
time 
16 
30 
38 
45 
4.5 


tpLZ 
nE to Vos 
13 
26 
33 
38 
ns 
6.0 
CL = 50 pF 


16 
24 
16 
20 
9.0 
(see Figs 18 and 
19) 


_____ 
o_u_a_d_b_il_a_te_r_a_l_s_w_it_c_h_e_s 
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DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referenced to GND (graLnd = 0 VI 


I 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


I UNIT 
I OTHER 
I SYMBOL, 
PARAMETER 


i 


VCC 
VI 
+25 
-40 to +85 
-40to+125 
1 
V 


I 
I 


min. 
typo 
max·1 
min. 
max.j 
min. 
max.l 
I 
I 


I V,H 


I 


1 
2 
. 
0 
Iv 


45 


1 
I 


HIGH level input volta,e 
2.0 
1.6 
2.0 
to 
5.5 


i 


i 


1 
08 


T 
4.5 
i 


VIL 
LOW level input voltag" 
I 
1.2 
0.8 
0.8 


I 


V 
to 
I 


I 
I 
5.5 
I 


I 
I 
1 
10 


I VCC 


I 


I 
::11 
input 
leakage current 
0.1 
1.0 
p.A 
5.5 


I or 
I GND 


analog switch OFF-stat!! 


I 


I VIH 
I'VSI=vce-GND 
::15 
current 
per 
channel 
0.1 
1.0 
1.0 
p.A 
5.5 


I 


or 
IseeFig. 71 
V,L 


11.0 


I 
VIH 
::15 
analog switch ON-state 
0.1 
1.0 
p.A 


1 
55 
or 
IVSI = Vee-GND 


current 
V,L 
(seeFig. 81 


I 


I 45 
Vee 
Vis = GND or Vee; 


'ce 
quiescent 
supply 
current 
2.0 
200 
40.0 
I p.A 
to 
or 


I 
5.5 
GND 
Vos = Vee or GND 


additional 
quiescent 
supply 
4.5 


Alec 
current 
per input 
pin for 
100 
360 
450 
490 
p.A 
to 
Vee 
other inputs at 


unit 
load coefficient 
is ·1 
-2.1 V 
Vee or GND 


(note 11 
5.5 


Note 


1. The value of additional 
quiescent 
supply 
current 
(Ll1CC) 
for a unit 
load of 1 is given here. 
To determine 
.6.Ice per input. 
mulliply 
this value by the unit 
load coefficient 
shown 
in the table below. 


UNIT LOAD 
COEFFICIENT 


1.00 
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AC CHARACTERISTICS 
FOR 74HCT 


GN D = 0 V; tr = tf = 6 ns 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 


I 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
3 
12 
15 


I 


18 
ns 


14.5 
RL = 00; CL =50 pF 


tpLH 
Vis to Vos 
(see Fig. 17) 


tpZHI 
turn-on 
time 


I 


12 
24 
30 
36 
ns 
4.5 
RL = 1 kn; CL = 50 pF 


tpZL 
nE to Vos 
(see Figs 18 and 19) 


tPHzI 
turn-off 
time 
20 
35 
44 
53 
ns 
4.5 
RL=l 
kn;cL=50pF 


tPLZ 
nE to Vos 
Isee Figs 18 and 191 


ADDITIONAL 
AC CHARACTERISTICS 
FOR 74HC/HCT 


Recommended 
conditions 
and typical 
values 


GND = 0 V; tr = tf = 6 ns 


I SYMBOL 


I 


PARAMETER 
TYP. 
UNIT 
VCC 
Vislp-pl 
CONDITIONS 
V 
V 


sine-wave 
distortion 


I 


0.04 
% 
4.5 
4.0 
RL=10kn;cL=50pF 


f = 1 kHz 
0.02 
% 
9.0 
8.0 
(see Fig. 15) 


I 


sine-wave 
distortion 
0.12 
% 
4.5 
4.0 
RL = 10 kn; CL = 50 pF 


f =10 kHz 
0.06 
% 
9.0 
8.0 
(see Fig. 15) 


switch "OFF" 
signal 
-50 
d8 
4.5 
note 
1 
RL =600n;cL 
= 50 pF; 
feed-through 
-50 
dB 
I 
9.0 
f = 1 MHz (see Figs 10 and 16) 


crosstal 
k between 
-60 
dB 
I 
4.5 
note 
1 
RL =600n;CL 
= 50 pF; 
I 
any two switches 
-60 
dB 
I 
9.0 
f = 1 MHz (see Fig. 12) 
I 


I 


crosstalk 
voltage 
between 
enable 
RL = 600 n; CL = 50 pF; 


110 
mV 
4.5 
f =1 MHz (nE. square wave 
V(p-pl 
or address 
input 
to any 
switch 
220 
mV 
9.0 
between VCC and GND, 
Ipeak·to-peak value) 
tr = tf = 6 nsl (see Fig. 13) 


fmax 
minimum 
frequency 
response 
180 
MHz 
4.5 
note 2 
RL=50n;cL=10pF 


1-3 dB) 
200 
MHz 
90 
Isee Figs 11 and 141 


Cs 
maximum 
switch 
capacitance 
8 
pF 


Notes to the AC characteristics 


General note 


Vis is the input 
voltage 
at nY or nZ terminal, 
whichever 
is assigned as an input. 
Vas 
is the 
output 
voltage 
at nY or nZ terminal, 
whichever 
is assigned 
as an output. 


Notes 


1. Adjust input voltage Vis is 0 dBm 1"veIIO dBm = 1 mW into 600 nl. 
2. Adjust input voltage Vis is 0 dBm I',vel at Vos for 1 MHz (0 dBm = 1 mW into 50 n). 
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SSI 


Note to Figs 10 and 11 


Test conditions: 
VCC = 4.5 V; GND = 0 V; 
RL = 50 f!; Rsource = 1 kf!. 


~ 


2RL 


V;,~'F 
.VI.l 


RL 


2Al 
cL 
chlnnel 
ON 


74HC!HCT4066 


SSI 


, 


~VCC2Al 


nY!nZ 


2HL 


"'" 


Note to 
Fig. 13 


The crosstalk 
is defined 
as follows 
(oscilloscope 
output): 


~V[~PI 


7Z9J949 
---- 


Note to Fig. 14 


Adjust 
input 
voltage 
to obtain 


o dBm at Vos when fin = 1 MHz. 
After 
set-up frequency 
of fin 
is 
increased 
to obtain 
a reading 
of 


-3 dB at Vas. 


nY/nZ 


fin 
= 1 kH~ 
Vis --H---< 


lO"F 


Fig. 
16 
Test circuit 
for measuring 
switch 
"OFF" 


signal feed-thrcugh. 
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" 


-j 
90' 
t=-I i- 
VCC 


I 50' 


10% 
I 
I 
GND 


I 
! 


V" I~n-' 
-H. 
I 
-I 
,- tplH 
-: 
lPHL 
- 


OUTPUT 
LOW· 
to 
- OFF 
OFF· 
to· LOW 


OUTPUT 


HIGH· 
to . OFF 


OFF· 
to . HIGH 
I 
50% 


outputs 
I 
outputs 
,outputs 
enabled 
---- 
disabled 
---- 
enabled 


Fig. 17 Waveformsshowing the input (Vis) to 
output (Vas) propagation delays. 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3V;VI 
= GND to3V. 
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TEST 
SWITCH 
Vis 


tpZH 
GND 
VCC 


tpZL 
VCC 
GND 


tPHZ 
GND 
VCC 


tPLZ 
VCC 
GND 


others 
open 
pulse 


Definitions for Figs 19 and 2C: 
CL = load capacitance including jig and 


probe capacitance 
(seeAC CHARACTER STICS for 
values). 


RT 
= 
termination 
resistance 
~jhould be equal 


to the output impedance Zo of the 
pulse generator. 


tr 
tf = 6 ns, when 
measuring 
fmax, 
there 


is no constraint 
on tr, 1f with 
50% 
duty factor. 


1 


'w ~="'~' 


vcc 
NEGATIVE 


INPUT 


PULse 
J 
~~~Hll'fl 
tTlHltrl-- 


SWITCH 


AMPLITUDE 


POSITIVE 
90% 


GND 
INPUT 


PULSE 


OV 
'w 


Fig. 20 
Input 
pulse definitions. 


tr; tf 


FAMILY 
AMPLITUDE 
VM 
fmax; 


PULSE WIDTH 
OTHER 


74HC 
VCC 
50% 
<2 
ns 
6 ns 


74HCT 
3.0 V 
1.3 V <2 
ns 
6 ns 
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• 
Low "ON" resistance: 
80 n (typ.l 
at VCC ; 4.5 V 
70 n (typ.l 
at VCC ; 6.0 V 
60 n (typ.) 
at VCC ; 9.0 V 


typical 
"break 
before 
make" 
built-in 


• 
Output 
capability: 
non-standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4067 
are high·speed 


SI-gate CMOS devices and are pin 
compatible 
with the '"4067'" of the 


'"4000B'" 
series. They are specified 
in 


compliance 
with JEOEC standard 
no. 7A. 


The 74HC/HCT4067 
are 16-channel 


analog 
multiplexers/demultiplexers 
with 
four address 
inputs 
ISO to S31. an activE 
LOW enable input 
(E), sixteen 


independent 
inputs/outputs 
(yo to Y15' 


and a common 
input/output 
(ZI. 


The 
"4067" 
contains 
sixteen 
bidirectional 


analog 
switches, 
each with 
one side 
connected 
to an independent 
input/ouq:ut 


(Yo to Y15) and the other side connectEd 
to a common 
input/output 
(Zl. 


With E LOW, one of the sixteen 
switche:; 
is selected 
(low impedance 
ON-state) 
by 


So to S3. All unselected 
switches are in the 
high impedance 
OFF-state. 
With E HIGH. 
all switches 
are in the high impedance 


OFF-state. 
independent 
of So to S3. 


The analog inputs/outputs 
(yO to Y 15. 


and Z) can swing between VCC as a 
positive 
limit 
and GND 
as a negative 
limit. 
VCC to GNO may not exceed 10 V. 


SYMBOL 
I 
PARAMETER 


I tPZL/ 
i tPZH 


turn-on 
time 


Eto 
Vos 


Sn to Vos 


turn-off 
time 
Eto 
Vos 
Sn to Vos 


CL;15pF 
RL ; 1 kD 
VCC ; 5 V 


26 
32 
ns 
29 
33 
ns 


27 
26 
ns 
29 
30 
ns 


3.5 
3.5 
pF 


29 
29 
pF 


5 
pF 
45 
pF 


I 
ItPLZ/ 
tPHZ 


max. switch capacitance 
independent 
(Y) 


common(Z) 


GNO;O 
V;Tamb; 
25'C;tr 
;tf;6 
ns 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in /lW): 


PO; 
CPO x VCC' 
x fi + ~ r (CL + CS) x VCC' 
x fo: where: 


fi ; input frequency 
in MHz 
CL 
~ output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
Cs 
= max. 
switch capacitance 
in pF 
~ : (CL + CS) x VCC' 
x fo; ~ sum of outputs 
VCC; 
supply voltage in V 


2. For HC 
the condition 
is VI ~ GNO to VCC 


For HCT the condition 
is VI; 
GNO to VCC -1.5 
V 


PACKAGE 
OUTLINES 


24-lead 
OIL; plastic 
(SOT101AJ, 


24-lead 
mini-pack; 
plastic 
(S024; 
SOT137AJ, 


vo 
v, 
v, 
v, 
v, 
v, 
v, 
, 
v, 
, 
v, 
23 


v, 
" 
v,o 
21 


v" 
'0 


v" 
" 
v" 


" 
v" 
17 
v" 
" 


MOX 
10 },.& 
""" 
'5 
G15 
,, , 


7 , 
, 
23 
• " 
10 
21 


" 


'0 


" .. 
" 


" 
17 


" 


., 
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PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
Z 
common 
input/output 


9,8,7,6, 
5,4,3,2, 
YO to Y15 
independent inputs/outputs 
23, 22, 21, 20, 
19,18,17,16 


10,11,14,13 
So to S3 
address inputs 


12 
GND 
ground (0 V) 


15 
E 
enable input (active LOW) 


24 
VCC 
positive supply voltage 


948 
S,pt,mbe" 9931 
( 


• 
Analog 
multiplexing 
and 
demultiplexing 
• 
Digital 
multiplexing 
and 
demultiplexing 


• 
Signal gating 


INPUTS 
CHANNEL 
E 
S3 
S2 
S, 
So 
ON 


L 
L 
L 
L 
L 
YO - Z 
L 
L 
L 
L 
H 
Yl - Z 
L 
L 
L 
H 
L 
Y2 - Z 
L 
L 
L 
H 
H 
Y3 - Z 


L 
L 
H 
L 
L 
Y4 - Z 
L 
L 
H 
L 
H 
Y5 - Z 
L 
L 
H 
H 
L 
Y6 - Z 


L 
L 
H 
H 
H 
Y7 - Z 


L 
H 
L 
L 
L 
Y8 - Z 
L 
H 
L 
L 
H 
Y9 - Z 


L 
H 
L 
H 
L 
Yl0- 
Z 


L 
H 
L 
H 
H 
Y11 - 
Z 


L 
H 
H 
L 
L 
Y12- 
Z 
L 
H 
H 
L 
H 
Y13- 
Z 
L 
H 
H 
H 
L 
Y14- 
Z 


L 
H 
H 
H 
H 
Y15 - 
Z 


H 
X 
X 
X 
X 
none 


H = HI GH voltage level 
L = LOW voltage level 
X = don't care 
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RATINGS 


Limiting values in accordance witl 
the Absolute Maximum System IIEC 134) 


Voltages are referenced to GND (qround = 0 V) 


I 
SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltag; 
-0.5 
+11.0 
V 


i 
±IIK 
I 
DC digital 
input 
diode 
current 
20 
i mA 
for VI < -0.5 V or VI > VCC + 0.5 V 


i 
±ISK 
I 
DC switch 
diode 
:::urrent 
I 
20 
I mA 
forVs<-0.5 
Vor VS> 
VCC +0.5 V 


I 
±IS 
I 


DC switch 
current 
25 
I mA 
for -0.5 V < Vs < VCC + 0.5 V 
I 


I 
"ICC; 
I 
DC VCC or GND current 
50 
mA 


! 
:!:IGND 


I 
Tstg 
storage 
temperature 
range 
-65 
+150 
°c 


Ptot 
power 
dissipatior 
per package 
for temperature range: -40 to +125 °c 
74HC/HCT 


plastic DIL 
750 
mW 
above +70°C: derate linearly with 12 mW/K 


plastic mini-pack ISO) 
500 
mW 
above +70 °c: derate linearly with 8 mW/K 


I 
Ps 


t 


power 
dissipatior 
per switch 
100 
mW 


Note 
to ratings 


To avoid 
drawing 
VCC 
current 
out of terminal 
Z, when 
switch 
current 
flows 
in terminals 
Yn, the voltage 
drop 
across the bidirectional 


switch 
must not exceed 
0.4 
V. 
If ":he switch 
current 
flows 
into terminal 
Z, no VCC 
current 
will 
flow 
out of terminals 
Y n. In this case 


there 
is no limit 
for the voltage 
drop across the switch, 
but the voltages at Y nand 
Z may not exceed 
VCC 
or GND. 


74HC 
74HCT 


SYMBOL 
PARAMETER 


I 
I 


UNIT 
CONDITIONS 
min. 
typo 
max. 
min. 
typ_ 
max. 


i 
VCC 
I 
DC supply voltage 
2.0 
I 5.0 
10.0 
I 
4.5 
5.0 
5.5 
I V 
I 


VI 
DC input voltage range 
GND 
VCC I GND 
VCC 
V 
I 


Vs 
DC switch voltage range 
GND 
VCC 
GND 
VCC I V 


Tamb 
I 
operating 
ambient 
temperature 
range 
-40 
+85 
-40 
+85 
I °c 
seeDC and AC 


Tamb 
operating 
ambient 
temperature 
range I -40 
+125 
-40 
+1251 
°c 
CHARACTER ISTICS 


1000 
VCC=2.0V 


tr,tf 
input 
rise and fall times 
6.0 
500 
6.0 
500 
ns 
VCC=4.5V 


400 
VCC=6.0V 


250 
VCC = 10.0 V 


74HC!HCT4067 


MSI 


DC CHARACTERISTICS 
FOR 74HC/HCT 


For 74HC: 
VCC - GND = 2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: VCC - GND = 4.5 V 


Tamb (OCI 
TEST CONDITIONS 


74HC/HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
IS 
Vis 
VI 
+25 
-40 
to +85 
-40to+125 
V 
I'A 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


- 
- 
- 
- 
n 
2.0 
100 
VCC 
VIH 
110 
180 
225 
270 
n 
4.5 
1000 


RON 
ON·resistance (peak) 
95 
160 
200 
240 
n 
6.0 
1000 
to 
or 


75 
130 
165 
195 
n 
9.0 
1000 
GND 
VIL 


150 
- 
- 
- 
n 
2.0 
100 
GND 
VIH 
90 
160 
200 
240 
n 
4.5 
1000 
RON 
ON·resistance (rail) 
80 
140 
175 
210 
n 
6.0 
1000 
or 
or 


70 
120 
150 
180 
n 
9.0 
1000 
VCC 
VIL 


maximum 
variation 
of 
- 
n 
2.0 
VCC 
VIH 
9 
n 
4.5 


dRON 
ON-resistance 
between 
8 
n 
6.0 
to 
or 


any two 
channels 
6 
n 
9.0 
GND 
VIL 


Notes to DC characteristics 


1. At supply voltages (VCC - GND) approaching 2 V, the analog switch ON·resistance becomes extremely 
non·linear. Therefore it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 


2. For test circuit 
measuring 
RON 
see Fig. 7. 
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Yo 
Z 
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A 
A 
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.b 
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_MSI 
J 
- 
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=F 
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Inputsl 
~ 


~ 
Z 


v,"'VccOrGNo--0-- 
A 
VOlooencl'cunl 


II 
1°°1 
RONr--I 


1m 1/ 
80n 
[7 
60h'~: 
4o~_1 --- 
__ 
-_~ 


I 
! 
i 
i 
! 


20LI 
~ : 
LI 
: 


o 
1.8 
3.6 
5.4 


Fig, 10 
Typical 
ON-resistance 
(RON) 
as a function 
of 


input 
voltage 
(Visl 
for 
Vis = 0 to VCC - 
GND, 
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74HC/HCT4067 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


Voltages 
are referenced 
to GND 
(ground 
= a V) 


Tamb 
1°C) 
TEST 
CONDITIONS 


74HC 
v~'I V, 
SYMBOL 
PARAMETER 
UNIT 
OTHER 


+25 
-40 
to +85 
-40 
to +125 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 
2.0 


V1H 
HIGH 
level input 
voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 


4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.7 
6.3 
6.3 
9.0 


0.8 
0.50 


1 


0 


. 


50 
0.50 
2.0 


VIL 
LOW 
level 
input 
voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 


2.8 
1.80 
1.80 
1.80 
6.0 
4.3 
2.70 
2.70 
2.70 
9.0 


I 


0.1 
1.0 
1.0 


I 


6.0 
VCC 


I 


±II 
input 
leakage current 
0.2 
2.0 
2.0 


)J.A 
10.0 
or 
GND 


analog 
switch 
OFF-state 


I 


VIH 
IVSI = VCC-GNO 
±IS 
current 
per channel 
0.1 
1.0 
1.0 
)J.A 
10.0 
or 
(see Fig. 8) 


I 
VIL 


analog 
switch 
OFF-state 


I 


VIH 


IIVSI 
= VCC-GND 
±IS 
current 
all channels 
0.8 
8.0 
8.0 
)J.A 
10.0 
or 
(see Fig. 9) 
VIL 


analog 
switch 
ON-state 


I 


VIH 
IVSI = VCC 
- 
GND 
±IS 
current 
0.8 
8.0 
8.0 
)J.A 
10.0 
or 
(see Fig. 91 
V1L 


8.0 
80.0 
160 
6.0 
VCC 
Vis=GND 
or VCC; 


ICC 
quiescent 
supply 
current 
16.0 
160 
320 
)J.A 
10.0 
or 
Vos = VCC 
or GND 
GND 


74HC/HCT4067 


MSI l 
_ 


AC CHARACTERISTICS 
FOR 
74HC 


GND =0 V;tr= 
tl=6 
ns; CL = 5C pF 


I 
I 
Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 


i 
+25 
-40 
to +85 
-40 
to +125 
V 


I min. 
typo 
max. I 


min. 
max. 
min. 
max. 


propagation 
delay 
25 
75 
95 
110 
2.0 


tPHLI 
9 
15 
19 
22 
4.5 


Vis lO Vos; 
ns 
tpLH 
I 
7 
13 
16 
19 
6.0 
Yn to Z 
5 
9 
11 
14 
9.0 
RL =~; 


I 
18 
60 
75 
90 
2.0 


CL = 50 pF 


propagation 
delay 
Isee Fig. 16) 
tPHLI 
6 
12 
15 
18 
4.5 
Vis to Vas; 


I 


ns 


tPLH 
I 
I~ 
10 
13 
15 
6.0 


I 
Z to Yn 
8 
10 
12 
9.0 
I 


I 
I 


I 


74 
250 
315 


I 


375 
2.0 


tPHzI 
I turn-off 
time 
27 
50 
63 
75 
4.5 
ns 


tpLZ 
Eto 
Yn 
I 
22 
43 
54 
64 
6.0 


I 
20 
38 
48 
57 
9.0 


I 


I 


83 
250 


1 
315 


I 


375 
2.0 


tPHzI 
turn-off 
time 
30 
50 
63 
75 
4.5 


I 


ns 


tPLZ 
Sn to Yn 
24 
43 


1 


54 
64 
6.0 


21 
38 
48 
57 
I 9.0 


i 


I 


85 
275 


I 


345 
415 


1 


20 


tPHzI 
turn-off 
time 
31 
55 
69 
83 
4.5 


EtoZ 
25 
47 
59 
71 
ns 
6.0 
tpLZ 
24 
42 
53 
63 
9.0 


94 
290 


I 


365 
435 
2.0 


tPHzI 
I 
turn-off 
time 
34 
58 
73 
87 
4.5 


tpLZ 
I 
Sn to Z 
27 
47 
62 
74 
ns 
6.0 


25 
45 
56 
68 
9.0 
RL = 1 kil; 


80 
275 
I 
345 
415 
2.0 
CL = 50 pF 
(see Fig. 17) 


I tPZHI 
turn-on 
time 
29 
55 
69 
83 
4.5 


i tpZL 
E to Yn 
23 
47 
, 
59 
71 
ns 
6.0 


17 
42 
I 
53 
63 
9.0 


I 
88 
300 
375 
450 
2.0 


tPZHI 
turn-on 
time 
32 
60 
75 
90 
4.5 


tpZL 
Sn to Yn 
26 
51 
64 
77 
ns 
6.0 


I 
18 
45 
56 
68 
9.0 


85 
275 
345 
415 
2.0 


tPZHI 
turn-on 
time 
31 
55 
69 
83 
4.5 


tpZL 
EtoZ 
25 
47 
59 
71 
ns 
6.0 


18 
42 
53 
63 
90 


I tpZHI 


I 
94 
300 
375 
450 
2.0 


I turn·on 
time 
34 
60 
75 
90 
4.5 


tpZL 
Sn to Z 
27 
51 
64 
77 
ns 
6.0 


19 
45 
56 
68 
9.0 


Note to AC characteristics 
for 74HC 


Due to higher Z terminal 
capacitance 
(16 switches 
versus 1) the delay figures to the Z terminal 
are higher than those to the Y terminal. 
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74HC!HCT4067 


MSI 


DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referenced to GND (ground = a VI 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 


+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


12.0 


I 


4.5 


I 
VIH 
HIGH level input voltage 
1.6 
2.0 
2.0 
V 
to 
5.5 


I 


4.5 


I 


VIL 
LOW level input volta,e 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


I 


VCC 


±II 
input 
leakage current 
0.1 
1.0 
1.0 
itA 
5.5 
or 
GND 


analog switch OFF-state 


I 


VIH 
1VSI= Vee - GND 
±IS 
0.1 
1.0 
1.0 
itA 
5.5 
or 
current 
per channel 
VIL 
(see Fig. 8) 


analog switch OFF-state 
VIH 
IVSI = Vce - GND 
±IS 
current 
all channels 
0.8 
8.0 
8.0 
itA 
5.5 
or 
(see Fig. 9) 
VIL 


analog switch ON·state 
I VIH 
IVSI = Vec - GND 
±IS 
0.8 
8.0 
8.0 
itA 
5.5 
or 
current 
VIL 
(see Fig. 9) 


4.5 
Vee 
Vis = GND or Vee; 
Ice 
quiescent 
supply 
current 
8.0 
80.0 
160 
itA 
to 
or 
5.5 
GND 
Vos = Vee or GND 


additional 
quiescent 
supply 
4.5 


Ll.lec 
current 
per input 
pin f:>r 
100 
360 
450 
490 
itA 
to 
VCC 
other inputs at 
unit 
load coefficient 
is 1 
-2.1 V 
Vee orGND 


(note 1) 
5.5 


Note 


1. The value of additional quiescent supply current (Ll.lee) for a unit load of 1 is given here. 
To determine ~Iee 
per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


E 
0.6 
Sn 
0.5 


74HC/HCT4067 


MSI 


AC CHARACTERISTICS 
FOR 
74HCT 


GND =0 V;tr 
=tf=6 
ns 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHll 
I propagation 
delay 


I 
Vis to Vos; 
9 
15 
19 
22 
ns 
4.5 
tPLH 
Yn to Z 
Rl 
= 00; 


Cl = 50 pF 


tPHll 
I propagation 
delay 
Isee Fig. 16) 


Vis to Vos; 
6 
12 
15 
18 
ns 
4.5 
tplH 
Z to Yn 


tpHzl 
turn-off 
time 
26 
55 
69 
83 
ns 
4.5 
tPlZ 
Eto 
Yn 


tPHzl 
turn-off 
time 
31 
55 
69 
I 


83 
ns 
4.5 
tplZ 
Sn to Yn 


tpHzl 
I 
turn-off 
time 
30 
60 
75 
90 
ns 


1 
45 
tplZ 
I 
EtoZ 


tPHzl 
I 
turn-off 
time 
I 
I 


I 
35 
60 
75 
90 
ns 
4.5 
tplZ 
Sn to Z 
Rl 
= 1 kn; 
I 
Cl = 50 pF 
tPZHI 


I 


turn-on 
time 
32 
60 
75 
90 
I ns 
4.5 
Isee Fig. 17) 
tpZl 
Eto 
Yn 


tPZHI 
I 


turn-on 
time 


1 
35 
60 
75 
90 
I ns 
4.5 


tpZl 
Sn to Yn 


tPZHI 
turn-on 
time 
38 
65 
81 
98 
ns 
4.5 
tpZl 
Eto 
Z 


tPZHI 
turn-on 
time 
38 
65 
81 
98 
ns 
4.5 
tPZl 
Sn to Z 


Note to the AC characteristics 


Due to higher Z terminal 
capacitance 
(16 switches 
versus 1) the delay figures to the Z terminal 
are higher than those to the Y terminal. 
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MSI 


Recommended 
conditions 
and typical 
values 


GND =0 V;tr 
=tf 
=6 ns 


I SYMBOL 
I 


PARAMETER 


I 


TYP. I 
UNIT 
VCC 


I 


Vis(p-p) 
CONDITIONS 
V 
V 


I 


sine-wave 
distortion 
I 


0.04 


I 


% 
! 
4.5 
4.0 
RL = 10 kn; CL = 50 pF 


I 
f = 1 kHz 
0.02 
% 
I 
9.0 
8.0 
(see Fig. 14) 


sine-wave 
distortion 
0.12 


I 


% 
I 


4.5 


I 


4.0 
RL=10kn;cL=50pF 


i 
f = 10 kHz 
0.06 
% 
9.0 
8.0 
(seeFig. 141 


switch "OFF" 
signal 
-50 


I 


dB 
4.5 
note 
1 
RL =600n;cL 
= 50 pF 


feed·through 
-50 
dB 
9.0 
f = 1 MHz (seeFigs 11 and 15) 
I 


fmax 
minimum 
frequency 
response 
90 


I 


MHz 
4.5 
note 2 
RL = 50 n; CL = 10 pF 


I 
(-3 dB) 
100 
MHz 
9.0 
(seeFigs 12 and 131 


maximum switch capacitance 


I 


Cs 
independent IYI 
5 
pF 


common (Z) 
45 
pF 


Notes to the AC characteristics 


General note 


Vis is the input 
voltage 
at Y nor 
Z terminal, 
whichever 
is assigned as an input. 


Vas 
is the output 
voltage 
at Y nor 
Z terminal, 
whichever 
is assigned as an output. 


Notes 
1. Adjust input voltage Vis is 0 dBm level (0 dBm = 1 mW into 600 n). 
2. Adjust input voltage Vis is 0 dBm level at Vas for 1 MHz (0 dBm = 1 mW into 50 n). 


74HC/HCT4067 
l 


MSI 
""'----- 


; II 


i' 
'I 


105 
flkHlI 
106 


Note to Figs 11 and 12 


Test conditions: 
VCC=4.5V;GND=OV; 
RL = 50 n; Rsource= 1 kn. 


Note to Fig. 13 


Adjust input voltage to obtain 
o dBm at Vas when fin = 1 MHz. 
After set-up frequency of fin is 
increased 
to obtain 
a reading 
of 


-3 dB at Vas' 
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74HC/HCT4067 


MSI 


V;'---1~'/Z 
VCC'A, 


lOIlF 
'A, 


channel 


ON 


Fig. 
15 
Test circuit 
for 
measuring 
switch 
"OF 
F" 


signal feed-through. 


J("- 
VMCll 


10% 
1- 
PLZ- 


I 


Fig. 16 
Waveforms 
showing 
the input 
(Vis) 
to 
output 
(Vas) 
propagation 
del'ys. 


Note 
to Fig. 17 


(1) 
HC 
: VM = 50%; VI = GND 
to VCC. 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V 


74HC/HCT4067 


MSI 
"--------------- 


TEST 
SWITCH 
Vis 


tpZH 
GND 
VCc: 


tpZL 
VCC 
GND 


tPHZ 
GND 
VCc: 


tpLZ 
VCC 
GND 


others 
open 
pulsa 


Definitions for Figs 18 and 19: 


CL = load capacitance including jig and 


probe 
capacitance 


(seeAC CHARACTEfliSTICS 
for 


values). 


RT = 
termination 
resistance 
should 
be equal 


to the output impedance Zo of the 
pulse generator. 


tr 
1f = 6 n5, when 
measu -ing fmax. 
there 


is no constraint 
on tr, 1f with 50% 
duty factor. 


1 


-,w 
?h=AMPLITUOE 
NEGATIVE 
90"", 


INPUT 
VM 


PULSE 
10"" 


_ 
I--'T-H-L-"-"----'-TL-H-I'-,'---. 
__ 
ov 


POSITIVE 


INPUT 
PULSE 
J{_~O_'~_L_H_I',_'_ 'w __ ,r_H_L_"'_'_jt:"'~' 


1281416.3 


VCC 
3.0 V 


50% 
< 2 ns 


1.3 V < 2 ns 


74HC 


74HCT 
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• 
Output 
capability: 
standard 
• 
ICC category: 
SSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4075 
are high-speed 
Si-gate CMOS devices and are pin 
compatible wi th the" 4075" 
of the 


"4oo0B" 
series. They are specified in 


compliance with JEOEC standard no. 7A. 


The 74HC/HCT4075 
provide the 
3-input OR function. 


74HC!HCT4075 


551 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHll 
propagation delay 
Cl 
= 15 pF 
8 
10 
ns 


tPLH 
nA, nB, nC to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 1 and 2 
28 
32 
pF 
capacitance 
per gate 


Notes 


1. CPO is used to determine the dynamic power dissipation (PD in IlW): 


Po = CPO x VCC' 
x fi + ~ (Cl 
x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output 
load capacitance in pF 
fo 
= output 
frequency in MHz 
VCC 
= supply voltage in V 
E (CL x VCC' x fol = sum of outputs 
2. For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GND to VCC -1.5 
V 


PACKAGE 
OUTLINES 


14-lead DI L; plastic 
(SOT27). 
14-lead mini-pack; 
plastic 
(5014; 
SOT108A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


3.1.11 
1At03A 
data inputs 


4.2,12 
1B to 3B 
data inputs 


5.8.13 
1C t03C 
data inputs 


6.9.10 
1Y to 3Y 
data outputs 


7 
GND 
ground (0 V) 


14 
VCC 
positive supply voltage 
Lr'" 
4 
8 


5Lr'" 
2 
, 


8 


""'" 
, 
I 


Functional 
diagram. 
~ 


74HC/HCT4075 


55) l 
_ 


INPUTS 
OUTPUT 


nA 
nB 
nC 
nY 


L 
L 
L 
L 


H 
X 
X 
H 


X 
H 
X 
H 


X 
X 
H 
H 


A~:~V~' 
! 


I 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 


Output 
capability: 
standard 


ICC category: 551 


DC CHARACTERISTICS 
FOR 7llHC 


For the DC characteristics 
see chapter 
/tHeMOS 
family 
characteristics", 
section 
"Family 
specifications", 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 


I 


V 


min. 
typo 
max. 
min. 
max·1 
min. 
max. 


tPHLI 
I 


propagation delay 
28 
100 
125 
150 
2.0 


10 
20 
25 
30 
ns 
4.5 
Fig. 6 
tPLH 
nA, nB, nC to nY 
8 
17 
21 
26 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


962 
J,,",cy 19861 
( 
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74HC!HCT4075 


SSI 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output capability: standard 
ICC category: 551 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(.6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS 
FOR 74HCT 
GND= 0 V;tr 
=tj= 
6 ns; CL = 50pF 


Tamb (OC) 
TEST CONDITIONS 


I 
74HCT 


SYMBOL 
PARAMETER 


i 


UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


I 
min. 
typo 
max.j 
min.! max.j 
min. 
max. 


tPHLI 
propagation delay 
12 
24 


1 
30 
36 
I 
ns 


14.5 


I 


Fig. 6 
tPLH 
nA, nB, nC to nY 


tTHLI 
output 
transition 
time 
7 
15 


1 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 


Fig. 6 Waveforms showing the input (nA, nB, 
nC) to output (nY) propagation delaysand the 
output transition times. 
Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


'I( M",h 1988 
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74HC/HCT4094 


MSI 


• 
Ouput 
capability: 
standard 


• 
ICC 
catagory: 
MSI 


The 74HC/HCT4094 
are high·speed 
Si·gate CMOS 
devices and are pin 


compatible 
with 
the 
"4094" 
of the 


"4000B" 
series. They 
are specified 
in 
compliance 
with 
JEDEC 
standard 
no. 7 A. 


The 
74HC/HCT4094 
are 8·stage serial 
shift registers having a storage latch 
associated 
with each stage for strobing 
data 
from 
the serial 
input 
(DI to the 
parallel 
buffered 
3·state 
outputs 
(OPO 
to OP7)' 
The parallel 
outputs 
may 
be 
connected 
directly 
to common 
bus lines. 


Data is shifted 
on the positive-going 
clock 
ICP) transitions. 
The data in each 


shift register stage is transferred 
to the 


storage register when the strobe input 
(STR) 
is HIGH. 
Data in the storage 
register appears at the outputs 
when- 


ever the output 
enable 
input 
(OE) 
signal 
is HIGH. 


Two 
serial outputs 
(OSl 
and OS2) are 
available 
for cascading 
a number 
of 


"4094" 
devices. 
Data is available 
at OS1 


on the positive-going 
clock 
edges to 
allow 
high-speed 
operation 
in cascaded 
systems 
in which the clock rise time is 
fast. The same serial information 
is 
available at QS2 on the next negative- 
going 
clock 
edge and is for cascading 
"4094" 
devices when 
the clock 
rise 


time is slow. 


• 
Serial·to·parallel 
data 
conversion 


• 
Remote 
control 
holding 
register 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


propagation 
delay 


19 
CP to OSl 
15 
ns 


tPHll 
CP to OS2 
13 
18 
ns 


tplH 
CP to OPn 
Cl = 15pF 
20 
21 
ns 


STR 
to OPn 
VCC = 5 V 
18 
19 
ns 


fmax 
I 


maximum 
clock 
frequency 
95 
86 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
notes 
1 and 2 
83 
92 
pF 
capacitance 
per package 


GND 
= 0 V; Tamb 
= 25°C; 
tr = tf = 6 ns 


Notes 


1. 
CPD is used to determine 
the dynamic 
power 
dissipation 
(PD in p.wl: 


PD = CPD x VCC' 
x fi + ~ (Cl 
x VCC' 
x fo) where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


E (Cl 
x VCC' 
x fo) = sum of outputs 


2. 
For 
HC 
the condition 
is VI = GND 
to VCC 


For 
HCT the condition 
is VI = GND 
to VCC -1.5 
V 


PACKAGE 
OUTLINES 


16·lead 
DI l; 
plastic 
(S0T38Z). 


16·lead 
mini·pack; 
plastic 
(S016; 
SOT109A). 


PIN 
DESCRIPTION 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
STR 
strobe 
input 


2 
D 
serial 
input 


3 
CP 
clock 
input 


4,5,6,7, 
OPO to OP7 
parallel 
outputs 
14,13,12,11 


8 
GND 
ground 
(0 V) 


9,10 
OSl,OS2 
serial outputs 


15 
OE 
output 
enable input 


16 
VCC 
positive supply vo.ltage 


CP 
STR 
as, 


aS2 
10 


apo 
ap, 
ap, 
ap, 
ap, 


OPs 
13 


OP6 
12 
ap, 


l 
_ 


74HC!HCT4094 


MSI 


1- ST.G;-;--' 
i-sTAGEs--;-To-61 
~-STAG-E7-! 


' 
, ' 
i 


a 
as, 


I 
I 


I i 
as, 


CP 


J I 


lalc:h 


I I 


! I 


ST' 
------------ 


0' 
~~~~-;~~bt-J 


OP, 
OP, 
QPz 
OPJ 
CP4 
OPs 
OPe 
ap, 


Fig.5 
Logic diagram. 


INPUTS 
PARALLEL 
SERIAL 


OUTPUTS 
OUTPUTS 


CP 
OE 
STR 
D 
I 
OPO 
OPn 
I 
OS, 
OSZ 


i 
L 
X 
X 
Z 
Z 
0'6 
NC 


.j. 
L 
X 
X 
Z 
Z 
NC 
OP7 


t 
H 
L 
X 
NC 
NC 
0'6 
NC 


t 
H 
H 
L 
L 
OPn_, 
0'6 
NC 


t 
H 
H 
H 
H 
OPn_, 
0'6 
NC 


.j. 
H 
H 
H 
NC 
NC 
NC 
OP7 


H 
=HIGHvoltagelevel 


L 
= LOW 
voltage 
level 
X 
= don't 
care 
Z 
= high 
impedance 
OFF-state 
NC 
= no change 


t 
= LOW-to-HIGH 
CP transition 


.j. 
= HIGH-to-LOW 
CP transition 
0'6 
= the information 
in the seventh register stage is transferred to the 8th register stage 


and 
OSn 
output 
at the 
positi;e 
clock 
edge 


CLOCK 
INPUT 
CP 


DATA 
INPUT 


STAOBE 
INPUT 
ST' 


OUTPUT 
ENABLE 
0' 


INPUT 


INTERNAL 
0'0 
(FFO) 


OUTPUT 
OP, 


INTERNAL 
0'6 
lFF6) 


OUTPUT 
OP, 


SE RIAL 
OUTPUT 
OS, 


SERIAL 
OUTPUT 
OS, 


_____ 
8_-_st_a_ 
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74HC/HCT4094 


MSI 


For the DC characteristics 
see chapter 
"HCMOS family characteristics", 
section "Family 
specifications". 


Output 
capability: 
standard 
ICC cate<;lory: MSI 


! 
Tamb (OCI 
TEST CONDITIONS 


I <VM'OC 


74HC 


PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typ, 
max. 
min. 
max. 
min. 
max.] 


I tPHLI 
propagation 
delay 
50 
150 
190 
225 
2.0 
18 
30 
38 
45 
ns 
4.5 
Fig. 7 
tPLH 
CP to GSl 
14 
26 
33 
38 
6.0 


tPHLI 
I 


propagation 
delay 


I 


44 


1 


135 
170 
205 


I ns 
2.0 


1 Fig. 
16 
27 
34 
41 
4.5 
7 
tPLH 
CP to GS2 
13 
23 
29 
35 
I 
6.0 


tPHLI 
propagation 
delay 


I 


63 


1 


195 
245 


I 
I 


295 
I ns 
2.0 


I Fig. 7 
23 
39 
49 
59 
4.5 
tpLH 
CP to GPn 
18 
33 
42 
50 
I 
6.0 


I tPHLI 
propagation 
delay 


1 


58 


1 


180 
225 


I 


270 


I ns 


2.0 


I 


21 
36 
45 
54 
4.5 
Fig.8 
tPLH 
STR to GPn 
17 
31 
38 
46 
6.0 


tPZHI 


I 


3·state output enable timl~ 
55 


1 


175 
220 


1 


265 


I 


2.0 
20 
35 
44 
53 
ns 
4.5 
Fig. 9 
tPZL 
OE to GPn 
16 
30 
37 
45 
6.0 


tpHzl 
I 


3-state output 
disable time 


1 


41 
125 


1 


155 


I 


190 
2.0 


15 
25 
31 
38 
ns 
4.5 
Fig.9 
tPLZ 
I 


OE to GPn 
12 
21 
26 
32 
6.0 


tTHLI 


I 


1 Ir 


75 


1 


95 
110 


I 


2.0 


output 
transition 
time 
15 
19 
22 
ns 
4.5 
Fig. 7 
tTLH 
13 
16 
19 


I clock pulse width 


1 


80 Ir 


100 I 


1 


120 


I 


2.0 
tw 
16 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 
14 
17 
20 
6.0 


strobe 
pulse width 
80 
14 
100 


1 


120 
2.0 


tw 
16 
5 
20 
24 
ns 
4.5 
Fig. 8 
HIGH 
14 
4 
17 
20 
6.0 


set-up time 
50 
14 
65 
75 
2.0 
tsu 
D to CP 
10 
5 
13 
15 
ns 
4.5 
Fig. 10 
9 
4 
11 
13 
6.0 


set-up time 
100 
28 
125 
150 
2.0 
tsu 
CP to STR 
20 
10 
25 
30 
ns 
4.5 
Fig.8 
17 
8 
21 
26 
6.0 


74HC/HCT4094 


MSI 
l~ 
_ 


Tamb (OC) 
TEST CONOITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


hold time 
3 
-6 
3 
3 
2.0 


th 
D to CP 
3 
-2 
3 
3 
ns 
4.5 
Fig. 10 


3 
-2 
3 
3 
6.0 


hold time 
0 
-14 
0 
0 
2.0 


th 
CPto STR 
0 
-5 
0 
0 
ns 
4.5 
Fig. 8 


0 
-4 
0 
0 
6.0 


maximum 
clock 
PUlSE! 
6.0 
28 
4.8 
4.0 
2.0 


fmax 
30 
87 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 
35 
103 
28 
24 
6.0 


For the DC characteristics seechapter "HCMOS family characteristics". section "Family specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 
The value of additional quiescent sUiJplycurrent (6ICCl for a unit load of 1 isgiven in the family specifications. 
To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE, CP 
1.50 
D 
0.40 
STR 
1.00 


_____ 
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AC CHARACTERISTICS 
FOR 74HCT 


GND = OV; tr= 
tf= 
6 ns; CL = 50pF 


Tamb (OCI 
TEST CONDITIONS 


I 
74HCT 
SYMBOL 
PARAMETER 


i 


UNIT 
VCC 
WAVEFORMS 


I 
+25 
--40 to +85 
-40to 
+125 
V 


I min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
I 
23 
39 
49 . 
I 
59 
ns 
4.5 
Fig. 7 
tPLH 
CP to OS1 
i 
I 
I 


tpHLI 
propagation delay 


I 


21 
36 
45 
54 
ns 
4.5 
Fig. 7 
tPLH 
CP to OS2 


tpHLI 
propagation delay 
I 


1 
25 
I 
I 
! 


43 
54 
65 
ns 
4.5 
Fig. 7 
tPLH 
CP to OPn 
I 


tpHLI 
propagation delay 


1 
22 
39 
49 


I 


59 
ns 
4.5 


I 


Fig.8 
tpLH 
STR to OPn 


tpZHI 


I 


3'5tate 
output 
enable 
time 


1 
20 
35 
44 


I 


53 
ns 
4.5 


1 


Fig.9 
tpZL 
OE to OPn 
I 


I tPHzI 
3-state 
output 
disable time 
i 
21 


1 
35 
I 


44 
I 
1 


53 
I ns 
4.5 


I 


Fig. 9 


1 
tPLZ 
OE to OPn 
I 
, 
I 


tTHLI 


, 


1 
7 


1 
15 
I 
, 
I 


I 
I 
I 


output transition time 


I 


19 
22 
ns 
4.5 
Fig. 7 
tTLH 
I 
I 


clock pu Isewidth 


I 
1 
7 


I 
1 


I 


I 
I 
tw 
HIGH or LOW 
16 
20 
24 


I 


ns 
4.5 
Fig. 7 


tw 
I 


strobe pu Isewidth 


I 


16 
5 
20 
24 
I 


ns 
4.5 
Fig. 8 
HIGH 


tsu 
set-up time 
10 
4 
13 
15 


I 


ns 
4.5 
Fig. 10 
D to CP 


tsu 
set-up time 
20 
9 
25 
30 
ns 
4.5 
Fig. 8 
CP to STR 


th 


1 


hold time 
4 
0 
4 
4 
4.5 
Fig. 10 
D to CP 
ns 


th 
hold time 
0 
-4 
0 
0 
4.5 
Fig. 8 
I 
CP to STR 
ns 


fmax 


maximum 
clock 
pulse 
frequency 
30 
80 
24 
20 
MHz 
4.5 
Fig. 7 


74HC!HCT4Q94 


MSI 
l 
_ 


Fig.7 
Waveforms 
showing the clock (CP) to 


output 
(OPn• OS1, OS21 propagation 


delays, the clock pulse width and the 
maximum 
clock 
frequency. 


CPo 


OUTPUT 
lOW-IO-OFF 


OFF-TO-LOW 


CPo 


OUTPUT 


HIGH-w-OFF 


OfF 
_to- HIGH 


'PHZ-~ 
90'" 


~'P'U _1__ 
o",.,u 


enabled 
disabled 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to \Ice. 
HCT: VM = 1.3 V; VI = GND to 3 V. 


L 


'PLH li--- 


t 


VMlll 
------ 


Fig.8 
Waveforms ,howing 
the strobe 
(STR) to 
output 
(OPn) propagation 
delays and the strobe 
pulse width and the clock set-up and hold times 
for the strobe 
input. 


rH:~"~".:"~I 
_lM", 
l 


Note to Fig. 10 


The shaded areas indicate when the input 
is permitted 
to change for predictable 
output 
performance. 


M,,,h 19881( 


____ 
J 


• 
Low "ON" 
resistance: 


160 n (typ.) 
at VCC - 
VEE = 4.5 V 
120 n (tyP.) 
at VCC - 
VEE = 6.0 V 
80 n (typ.) 
at VCC - 
VEE = 9.0 V 
• 
Logic level translation: 
to enable 
5 V logic to communicate 


with 
± 5 V analog 
signals 
• 
Typical 
"break 
before 
make" 
built 
in 
• 
Output 
capability: 
non-standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4316 
are high·speed 
Si·gate CMOS devices. 
They 
are specified 
in 
compliance 


with JEOEC standard 
no. 7A. 


The 74HC/HCT4316 
have four 


independent 
analog 
switches. 


Each 
switch 
has two 
input/output 


terminals 
InY, nZl and an active HIGH 


select input 
InSI. When the enable 
ir put 


18 is HIGH, all four analog switche, 
are 
turned 
off. 


Current 
through 
a switch 
will 
not caJse 
additional 
VCC 
current 
provided 
the 


voltage 
at the 
terminals 
of the 
switch 
is 


maintained 
within 
the supply 
voltagl~ 
range; VCC;> IVy, 
VZI ~ VEE· 


Inputs 
nY and nZ are electrically 
equivalent 
terminals. 


VCC and GNO are the supply voltage 
pins 


for the digital control 
inputs 
IE and nS). 


The VCC to GNO ranges are 2.0 to' 
0.0 V 


for HC and 4.5 to 5.5 V for HCT. 
The analog inputs/outputs 
InY and nZI 
can swing between 
VCC 
as a positive 
limit 
and VeE 
as a negative 
limit. 


VCC - VEE may not exceed 
10.0 V. 


See the 1/4016" 
for the version 
without 


logic level translation. 


74HC/HCT4316 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


, 
HC 
HCT 


I 


turn 
"ON" 
time 
tpZH 
E to Vas 
19 
19 
ns 
nS to Vas 
16 
17 
ns 


turn 
"ON" 
time 
Cl=15pF 
tpZl 
Eta 
Vas 
Rl = 1 kn 
19 
24 
ns 
nS to Vas 
VCC = 5 V 
16 
21 
ns 


tPHZ/ 


I 


turn "OFF" 
time 
E to Vas 
20 
21 
ns 
tPLZ 
nS to Vas 
16 
19 
ns 


CI 
I 


input 
capacitance 
3.5 
3.5 
pF 


CpO 


power 
dissipation 
notes 
1 and 2 
13 
14 
pF 


capacitance 
per switch 


Cs 
max. 
switch 
capacitance 
5 
5 
pF 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in IlW): 


Po = CPO x VCC' 
x fi 
T E UCL + CS) x VCC' 
x fa; 
where: 


fi = input frequency 
in MHz 
CL 
= output 
load capacitance 
in pF 


fo 
== output 
frequency 
in MHz 
Cs 
= max. 
switch 
capacitance 
in pF 


~ ((Cl 
+ CS) x VCC' 
x fa; 
= sum of outputs 
VCC = supply voltage in V 


2. For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI =.GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16·lead 
DI L; plastic 
ISOT38Z). 


16·lead 
mini·pack; 
plastic 
(S016; 
SOTl 09A). 


,v 


IS 
15 
IS 


1Z 


2V 
2S 


" 


2Z 


3V 


3S 


3Z 
'0 


12 


'S 


3Z 
" 
13 


E 


, 


15/1 1-...--- 


3 
3 


sit, -...--- 


sit 


11 
'0 


6 It 
1-~ 
,It 


12 
13 
12 
-...--- 


"It 
".1:/ 


7Z93911.1 


lal 
(bl 


74HC/HCT4316 


MSI l__-- 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,4,10.13 
11Z t04Z 
independent 
inputs/outputs 


2,3,11,12 
1Y to 4Y 
independent inputs/outputs 


7 
E 
enableinput (active LOW) 


8 
GND 
ground (0 VI 


9 
VEE 
negativesupply voltage 


15,5,6,14 
lS t04S 
select inputs (active HIGH) 


16 
VCC 
positive 
supply 
voltage 


INPUTS 


SWITCH 
E 
nS 


L 
L 
off 
L 
H 
on 


H 
X 
off 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 


16 


Vcc 


15 
IS 


5 
2S 


LOGIC 
LEVEL 
10 


CONVERSION 
6 
3S 
A~D CONTROL 
• 
Signal gating 
• 
Modulation 
• 
Demodulation 
• 
Chopper 


I GNO 
Vee 


18 


( 


_____ 
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RATINGS 


Limiting 
values in accordance 
with 
the Absolute 
Maximum 
System 
(I EC 134) 


Voltages are referencedto VEE ~ GND (ground = 0 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+11.0 
V 


±IIK 
DC digital 
input 
diode 
current 
20 
mA 
for VI < -0.5 V or VI> 
VCC + 0.5 V 


±ISK 
DC switch 
diode 
current 
20 
mA 
for Vs < -0.5 Vor Vs > VCC + 0.5 V 


±IS 
DC switch 
current 
25 
mA 
for -0.5 V < Vs < VCC + 0.5 V 


±lEE 
DC V EE current 
20 
mA 


±ICC; 
DC VCC or GND current 
50 
mA 
±IGND 


Tstg 
storage temperature range 
-65 
+150 
°c 


PlOt 
power 
dissipation 
per package 
for temperature range:-40 to +125°C 
74HC/HCT 


plastic DI L 
750 
mW 
above +70 °C: derate linearly with 12 mW/K 


plastic mini-pack (SCI 
500 
mW 
above+70°C: derate linearly with 8 mW/K 


Ps 
power 
dissipation 
per switch 
100 
mW 


Note to ratings 


To avoid drawing V CC current out of terminal 
Z, when switch current flows in terminals Yn' the voltage drop across 
the bidirectional 
switch must not exceed 0.4 V. If the switch current flows into terminal Z, no V CC current will flow 


out of terminal 
Y n' In this case there is no limit for the voltage drop across the switch, but the voltages at Y nand Z 
may not exceed VCC or VEE- 


74HC 
74HCT 


SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 
min. 
typo 
max. 
min. 
typo 
max. 


VCC 
DC supply voltage VCC-GND 
I 2.0 
5.0 
10.0 
4.5 
5.0 
5_5 
V 
seeFigs6 and 7 


VCC 
DC supply voltage VCC-VEE 
2.0 
5.0 
10.0 
2.0 
5.0 
10.0 
V 
seeFigs6 and 7 


VI 
DC input 
voltage 
range 
GND 
VCC 
GND 
VCC 
V 


Vs 
DC switch 
voltage 
rang€' 
VEE 
VCC 
VEE 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+85 I 


-40 
+85 
°c 
seeDC and AC 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+125 
-40 
+125 
°c 
CHARACTERISTICS 


1000 
VCC = 2.0 V 
tr,tf 
input 
rise and fall times 
6.0 
500 
6.0 
500 
ns 
VCC = 4.5 V 
400 
VCC=6.0V 


250 
VCC = 10.0 V 


74HC/HCT4316 


MSI l 
_ 


10 


VCC·GND I 
(V, 


" 
VCC.GNO I 


(V, 5c:=m..:.:,~22Z 
~//ZZZ 
:1======== 
21~-------- 


I 


i 
i 
8 
10 


VCC·VeE (Vl 


For 74HC: 
VCC - GND or VCC - VEE = 2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: VCC _ GND = 4.5 and 5.5 V; VCC - VEE = 2.0, 4.5, 6.0 and 9.0 V 


Tamb 1°C) 
TEST CONDITIONS 


74HC/HCT 


I Vis 
SYMBOL 
PARAMETER 


1-40 
to +85 


UNIT 
VCC 
VEE 
IS 
VI 


+25 
-40 to +125 
V 
V 
I'A 


I 
I min. 
typ, 
max. 
min. 
max. 
Imin. 
max. 


i- 
- 
- 
- 
n 
2.0 
0 
100 
I 


RON 
ON resistance(peakl 


1 


160 
320 
400 
480 
n 
4.5 
0 
1000 I VCC 
VIH 


120 
240 
300 
360 
n 
6.0 
0 
1000 
to 
or 


185 
170 
215 
255 
n 
4.5 
-4.5 
1000 I VEE 
VIL 


160 
- 
- 
I 
- 
n 
2.0 
0 
100 
I 
VIH 
80 
160 
200 


I 


240 
n 
4.5 
0 
1000 
RON 
ON resistance (rail) 
70 
140 
175 
210 
n 
6.0 
0 
1000 
VEE 
or 


60 
120 
150 
180 
n 
45 
-45 
1000 I 
VIL 


170 
- 
- 
- 
n 
2.0 
0 
100 
VIH 
90 
180 
225 
270 
n 
4.5 
0 
1000 
RON 
ON resistance(raill 
80 
160 
200 
240 
n 
6.0 
0 
1000 
VCC 
or 


65 
135 
170 
205 
n 
4.5 
-4.5 
1000 
VIL 


- 
n 
2.0 
0 
VCC 
VIH 
maximum 6.0N resistance 
16 
n 
4.5 
0 
/IRON 
between any two channels 
9 
n 
6.0 
0 
to 
or 


6 
n 
4.5 
-4.5 
VEE 
VIL 


Notes to DC characteristics 


1. At supply voltages IVCC - VEEI approaching 2.0 V the analog switch ON·resistancebecomesextremely non-linear. Therefore it is 
recommended 
that 
these devices be used to transmit 
digital 
signals only, 
when 
using these supply 
voltages. 
2. For test circuit 
measuring 
RON 
see Fig. 8. 


974 
""p"mbe' 19931 
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Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC VEE 
VI 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 


I 


2.0 


VIH 
HIGH level input volta!le 
3.15 
2.4 
3.15 
3.15 
V 
4.5 
4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.3 
6.3 
6.3 
9.0 


0.8 
0.5 
0.5 
0.5 
2.0 


VIL 
LOW level input voltage 
2.1 
1.35 
1.35 
1.35 


V 
4.5 
2.8 
1.8 
1.8 
1.8 
6.0 
4.3 
2.7 
2.7 
2.7 
9.0 


0.1 
1.0 
1.0 
6.0 
0 
Vce 
±II 
input 
leakage current 
0.2 
2.0 
2.0 
jJ.A 
10.0 
0 
or 
GND 


analog switch OFF-stato 
VIH 
1VSI= 


±IS 
current 
0.1 
1.0 
1.0 
jJ.A 
10.0 
0 
or 
Vee - VEE 


VIL 
(seeFig. 101 


I 


VIH 
1VSI= 
±IS 
analog switch ON·state 


current 
0.1 
1.0 
1.0 
jJ.A 
10.0 
0 
or 
Vee - VEE 


VIL 
(seeFig. 11) 


8.0 
80.0 
160.0 
6.0 
0 
Vee 
Vis = VEE or 
Ice 
quiescent 
supply 
current 
16.0 
160.0 
320.0 
jJ.A 
10.0 
0 
or 
Vee; Vos = 


GND 
VeeorVEE 


74HC/HCT4316 l 


MSI 
, 
_ 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V;tr= 
tf=6 
ns;CL =50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 


+25 
-40 to +85 
-40to+125 
V 
V 


I min. 
typo 
max. 
min. 
max. 
min. 
max. 


17 
60 
75 
90 
2.0 
0 
tPHLI 
propagation delay 
6 
12 
15 
18 
4.5 
0 
RL = ~; CL = 50 pF 


tpLH 
Vis to Vas 
5 
10 
13 
15 
ns 
6.0 
0 
Isee Fig. 181 


4 
8 
10 
12 
4.5 
-4.5 


61 
205 
255 
310 
2.0 
0 
RL=lkl1; 
tPZHI 
turn 
"ON" 
time 
22 
41 
51 
62 
4.5 
0 
CL=50pF 
tpZL 
E to Vos 
18 
35 
43 
53 
ns 
6.0 
0 
Isee Figs 19, 20 


19 
37 
47 
56 
4.5 
-4.5 
and 21) 


52 
175 
220 
265 
2.0 
0 
RL = 1 kl1; 


I tPZHI 
turn "ON" time 
19 
35 
44 
53 
4.5 
0 
CL=50pF 
tpZL 
nS to Vos 
15 
30 
37 
45 
ns 
6.0 
0 
(see Figs 19, 20 


17 
34 
43 
51 
4.5 
-4.5 
and 21I 


63 
220 
275 
330 
2.0 
0 
RL = 1 kl1; 
tpHzI 
turn 
"OF F" time 
23 
44 
55 
66 
4.5 
0 
CL = 50 pF 
tPLZ 
E to Vos 
18 
37 
47 
56 
ns 
6.0 
0 
(see Figs 19, 20 
21 
39 
49 
59 
4.5 
-4.5 
and 211 


55 
175 
220 
265 
2.0 
0 
RL = 1 kl1; 
tPHzI 
turn "OF F" time 
20 
35 
44 
53 
4.5 
0 
CL = 50 pF 
tpLZ 
nS to Vos 
16 
30 
37 
45 
ns 
6.0 
0 
(see Figs 19, 20 
18 
36 
45 
54 
4.5 
-4.5 
and 21) 


976 
S"lembe, 19931( 
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MSI 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


4.5 


VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 


4.5 


Vll 
lOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


VCC 


±II 
input leakage current 
0.1 
1.0 
1.0 
I'A 
5.5 
0 
or 
GND 


analogswitch OFF-state 
I 
10.0 10 


VIH 
IVSI= 
±IS 
current 
0.1 
1.0 
1.0 
I'A 
or 
VCC - VEE 


I 
VIL 
(seeFig. 10) 


analog switch ON·state 
I 0.1 
/10 


1 


10 
10.0 10 
I VIH 


1VSI= 
±IS 
current 
I'A 
or 
VCC - VEE 


VIL 
Isee Fig. 11) 


VCC 
Vis = VEE 
8.0 
80.0 
160.0 
5.5 
0 
or VCC; 
ICC 
quiescent 
supply current 
I'A 
or 
16.0 
160.0 
320.0 
5.0 
-5.0 
GND 
Vas = VCC 
or VEE 


additional 
quiescent 
supply 
4.5 
other 
inputs 


61CC 
current 
per input 
pin for 
100 
360 
450 
490 
I'A 
to 
0 
VCC 
at VCC or 
unit 
load coefficient 
is 1 
-2.1V 


(note 1) 
5.5 
GND 


Note to HCT types 


1 The value of additional quiescentsupply current (6ICC) for a unit load of 1 is given here. 


To determine 
61CC per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


nS 
0.50 
E 
0.50 


74HC!HCT4316 


MSI 
l 
-- 


H'GHa~ 


",om ~,~, 
'OP"'" 
oY 
oZ 


V,s·OtoVCC-VEE 
lis 


VEE 


Fig. 9 
Typical 
RON as a function 
of input 
voltage 


Vis for 
Vis = 0 to VCC - 
VEE· 
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AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 


+25 
-40 
to +85 
-40to 
+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max·1 


tPHLI 


I 


propagation delay 
6 
12 
15 
18 
4.5 
0 
RL =oo;CL = 50pF 


Vis to Vos 
4 
8 
10 
12 
ns 
4.5 
-4.5 
(see Fig. 181 
tpLH 


turn "ON" 
time 


I 


22 
44 
55 
66 
I ns 
4.5 
0 
RL = 1 k.l1; 
tPZH 
E to Vos 
21 
42 
53 
63 
4.5 
-4.5 
CL = 50 pF 


I turn 
"ON" 
time 
28 
56 
70 
84 
I ns 


4.5 
0 
Isee Figs 19,20 
tPZL 


I 
Eto 
Vos 
21 
42 
53 
63 
4.5 
-4.5 
and 211 


turn 
"ON" 
time 
20 
40 
53 
60 
4.5 
0 
RL = 1 k.l1; 
tpZH 
nS to Vos 
17 
34 
43 
51 
ns 
4.5 
-4.5 
CL =50 pF 


turn "ON" 
time 
25 
50 
63 
75 
4.5 
0 
Isee Figs 19,20 
tpZL 
nS to Vos 
17 
34 
43 
51 
ns 
45 
-4.5 
and 211 


I ns 


RL = 1 k.l1; 
tPHzl 
turn "OFF" 
time 
25 
50 
63 
75 
4.5 
0 
CL = 50 pF 


tPLZ 
E to Vos 
23 
46 
58 
69 
4.5 
-4.5 
(see Figs 19,20 
and 211 


RL = 1 k.l1; 
tPHzl 
turn "OFF" time 
22 
44 
55 
66 
4.5 
a 
CL = 50 pF 
tpLZ 
nS to Vos 
20 
40 
50 
60 
ns 
4.5 
-4.5 
(see Figs 19, 20 
and 211 


74HC/HCT4316 l 


MSI 
"----------------------------------- 


ADDITIONAL 
AC CHARACTE 
'lISTICS 
FOR 
74HC/HCT 
Recommended 
conditions 
and typj<:al values 


GND =0 
V;Tamb 
= 25"C 


SYMBOL 
PARAMETER 
typo 
UNIT 
VCC 
VEE 
Vis(p-p) 
CONDITIONS 
V 
V 
V 


sine-wave distortion 
0.80 
% 
2.25 
-2.25 
4.0 
RL = 10 kil; CL = 50 pF 


f = 1 kHz 
0.40 
% 
4.5 
-4.5 
8.0 
(see Fig. 14) 


sine-wave 
distortion 
2.40 
% 
2.25 
-2.25 
4.0 
RL = 10kil;CL 
=50 
pF 


f = 10 kHz 
1.20 
% 
4.5 
-4.5 
8.0 
(see Fig. 141 


switch "OFF" 
signa 
-50 
dB 
2.25 
-2.25 
note 1 
R L = 600 il; CL = 50 pF 


feed· through 
-50 
dB 
4.5 
-4.5 
(see Figs 12 and 15) 


crosstal k between 
-60 
dB 
2.25 
-2.25 
note 1 
RL = 600 il; CL = 50 pF; 


any two switches 
-60 
dB 
4.5 
-4.5 
f = 1 MHz; (see Fig. 16) 


RL = 600 il-.:.CL = 50 pF; 
crosstalk 
voltage between 
f = 1 MHz (E or nS. 


VIp-pI 
control 
and any switch 
110 
mV 
4.5 
0 
square·wave 
between 
VCC 
(peak-to-peak 
valu!!) 
220 
mV 
4.5 
-4.5 
and GND. tr = tf = 6 nsl 
(see Fig. 17) 


fmax 


minimum 
frequency 
response 
150 
MHz 
2.25 
-2.25 
note 2 
RL = 50il;CL 
= 10pF 


(-3 
dB) 
160 
MHz 
4.5 
-4.5 
(see Figs 13 and 14) 


Cs 
maximum 
switch 
capacitance 
5 
pF 


General note 


Vis is the input 
voltage 
at an nY or nZ terminal, 
whichever 
is assigned as an input. 


Vas 
is the output 
voltage 
at an nY or nZ terminal, 
whichever 
is assigned as an output. 


Notes 


1. Adjust 
input voltage 
Vis to 0 dBrn level (0 d8m 
= 1 mW into 600 ill. 


2. Adjust input voltage 
Vis to 0 d8rn level at Vos for 1 MHz (0 d8m = 1 mW into 50 nl. 


Fig. 12 Typical switch "OFF" 
signal 


feed-through 
as a function 
of frequency. 


98. 
S"tomb,"9931 ( 
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II 
I III 
Ii! 
fT 
I 
I11I 
II 
I 
I 
1I1I 
I i III 
I I i II I 
! II 
, II 
I II 
I II I 
i II 
I 
Iii 
I 
I II 
111fT, 
' II 
I11I 
'I 
II 
I 
! 
1111111 
i 'I 
I 
ill· 
I 
I 
Ii 
I I Iillill 
''''l I 
, II 


I 
II 
I II 
I Iii 
III 


I~ 
I 
'III 
I II 
I I! III 
III 


i 
,I 
I i I II 
i II11 
\ 
i 11I1 
h 
I 
II I 
I ilill 
I lilT I 
ill 


Note 
to 
Figs 12 and 
13 


Test conditions: 


VCC 
= 4.5 
V; GND 
= 0 V; VEE 
= -4.5 
V; 


R L = 50 .11; Rsource 
= 1 kn. 


EL 


OZ'Oy 
vo, 


RL 
CL 
dB 


ONo 


IZ93984.1 


O"~F 
"Ylnl 
nZ/nY 


V;,-I 
1£ 


RL 


Al 
CL 
channel 


ON 
ONo 


nZ/nY 


"L EEL 
oscilioscopl! 


ONo 
V" 


Note 
to 
Fig. 
17 


The crosstalk 
is defined 
as follows 


(oscilloscope 
output); 


74HC/HCT4316 
MSI l 
_ 


Fig. 18 
Waveforms 
showing 
the input 
(Vis) 
to output 


(Vos) 
propagation 
delays. 


'Wi",J_~i'" 
"ON" 
"OFF" 


J_.W'''' 
"OFF" 


Notes to 
Fig. 19 


(1) 
HC 
VM = 50%; VI = GND to VCC. 


HCT: 
VM = 1.3 V; VI = GND to 3 V. 
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vcc 
'Tl~" 
GNO 


Vee 


NEGATIVE 


INPUT 


PULSE 1\ 
,w----t 


AMPLITUDE 
90% 


. 
VM 


'0% 
_ 
--'-TH-'-"-,,----'-TL-H-'-"-,--' 
__ 
OV 


POSITIVE 


INPUT 
PULSE 


TEST 
SWITCH 
Vis 


tPZH 
VEE 
VCC 
tpZL 
VCC 
VEE 


tPHZ 
VEE 
VCC 
tpLZ 
VCC 
VEE 


others 
open 
pulse 


tr;tf 


FAMILY 
AMPLITUDE 
VM 


fmax; 
OTHER 
PULSE 
WIDTH 


74HC 
VCC 
50"10 
< 2 ns 
6 ns 


74HCT 
3.0 
V 
1.3 V 
< 2 ns 
6 ns 


Definitions 
for 
Figs 20 and 
21 : 


CL = 
load capacitance 
including 
jig and 
probe 
capacitance 


(see AC 
CHARACTERISTICS 
for 


values). 


RT = 
termination 
resistance 
should 
be equal 
to the output 
impedance 
Zo 
of the 
pulse generator. 


tr 
tf = 6 ns; when 
measuring 
fmax, 
there 


is no constraint 
on 
tr. tf with 
50% 


duty 
factor. 


74HC/HCT4351 


MSI 


• 
Wide analog 
input 
voltage 
range: 
± 5 V 


• 
Low "ON" 
resistance: 
80 Q (typ') 
at VCC - 
VEE = 4.!; V 


70 Q (typ.) 
at VCC - 
VEE = G.O V 


GO Q (typ.) 
at VCC - 
VEE = g.O V 


• 
Logic level translation: 
to enable 
5 V logic to communi<:ate 
with 
± 5 V analog 
signals 
• 
Typical 
"break 
before 
make" 
built 
in 


• 
Address 
latches 
provided 
• 
Output 
capability: 
non-standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4351 
are high-speed 
Si-gate CMOS devices. They are specified 
in compliancewithJEOEC 
standard 
no. 7A. 


The 74HC/HCT4351 
are 8-channel 
an"log 
multiplexers/demultiplexers 
with thre" 
s~ect 
inputs 
(SO to 52), two enabl0puts 
IE1 and E21, a latch enable inputILE), 
eight independent 
inputs/outputs 
1YOto 
Y7) and a common 
input/output 
(Zl. 


With El 
LOW and E2 is HIGH, one of the 
eight switches 
is selected 
(low impedance 
ON-state) 
by So to 52. 
The data atth!! 
select inputs may be latched 
by using the 
active 
LOW latch enable 
input ILE). 
When LE is HIGH the latch is transparent_ 
When either 
of the two enable inputs, 
El lactive 
LOW) and E2 lactive HIGH), 
is inactive, 
all 8 analog 
switches 
are 
turned 
off. 


(continued on next page) 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPZH/ 
turn "ON" 
time 
27 
35 
tpZL 
E1' E2 or Sn to VOS 
CL = 15 pF 
ns 


RL = 1 k,Q 


tPHZ/ 
turn "OFF" 
time 
VCC = 5 V 
21 
23 
tpLZ 
El' 
E2 or Sn to Vos 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CPO 


power 
dissipation 
notes 
1 and 2 
25 
25 
pF 
capacitance 
per switch 


max. switch capacitance 


Cs 
independent 
IY) 
5 
5 
pF 
common 
IZI 
25 
25 
pF 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in I'W): 


Po = CPO 
X VCC' 
x fi + 1: ~(CL + CS) x VCC' 
x fo; 
where: 


fi = input frequency 
in MHz 
CL 
= output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
Cs 
= max. switch 
capacitance 
in pF 
1: [(CL +CS) 
x VCC' 
xfo; 
=sumofoutputs 
VCC=supplyvoltage 
in V 


2. For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead 
DI L; plastic 
(SOT14Gl. 


20·lead 
mini-pack; 
plastic 
(S020; 
SOT1G3A). 


vcc 


Y, 


15 
MDX 
17 
Y, 
15 
So 
Yo 
17 


:} 
'0.1 
X% 
13 
I. 


13 
" 
Y, I. 
" 
" 
" 
s, 
Y, 
" 
• 
16 


Y, 
16 
0' 
So 
11-0 lE 
Y, 
C, 


Y, 
E, 
Y6 
E, 
Y, 


OND 
lZ!J6060.1 


Fig. 1 
Pin configuration. 
Fig. 3 
IEC logic symbol. 


l 
_ 
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PIN NO. 
SYMBOL 
NAME AND FUNCTION 


4 
2 
common 


3.14 
n.c. 
not connected 


7 
El 
enable input (active LOW) 


8 
E2 
enable input lactive HIGHI 


9 
VEE 
negative supply voltage 


10 
GND 
ground (0 V) 


11 
[E 
latch enable input (active LOW) 


15.13.12 
So to S2 
select inputs 


17.18.19.16. 
YO to Y7 
independent 
inputs/outputs 
1.6.2.5 


20 
VCC 
positive 
supply 
voltage 


INPUTS 
CHANNEL 


E1 
LE 
S2 
S, 
So 
ON 
E2 


H 
X 
X 
X 
X 
X 
none 


X 
L 
X 
X 
X 
X 
none 


L 
H 
H 
L 
L 
L 
YO 
L 
H 
H 
L 
L 
H 
Yl 
L 
H 
H 
L 
H 
L 
Y2 


L 
H 
H 
L 
H 
H 
Y3 


L 
H 
H 
H 
L 
L 
Y4 


L 
H 
H 
H 
L 
H 
Y5 
L 
H 
H 
H 
H 
L 
Y6 
L 
H 
H 
H 
H 
H 
Y7 


L 
H 
L 
X 
X 
X 
. 


X 
X 
.j. 
X 
X 
X 
.. 


H = HIGH voltage level 
• Last selected channel "ON". 
L = LOW valtaye level 
•• 
Selected channels latched. 


X = don't 
care 


.j. = HIGH·ta·LOW [E transition 


• 
Analog multiplexing 
and 
demultiplexing 
• 
Digital 
multiplexing 
and 
demultiplexing 
• 
Signal gating 


VCC and GND are the supply voltage pins 
for t!'.e digital control inputs (SOto S2. 
LE. E1 and EZ)' The VCC to GND ranges 
are 2.0 to 10.0 V for HC and 4.5 to 5.5 V 
for HCT. The analog inputs/outputs 
(yo 
to Y7. and 2) can swing between VCC as 
a positive 
limit 
and VEE 
as a negative 


limit. VCC - VEE may not exceed 10.0 V. 


For operation 
as a digital 


multiplexer/demultiplexer. 
VEE is 
connected to GND (typically ground). 


M"oh 19881( 


74HC/HCT4351 


MSI 


LOGIC lEVEL 


CONVERSION• 
LATCHES 


'1( M,,,h 
1988 


74HC/HCT4351 


MSI 


Limiting 
values in accordance 
with 
the Absolute 
Maximum 
System (lEe 
134) 


Voltages 
are referenced 
to 
VEE 
= GND 
(ground 
= 0 VI 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply 
voltage 
-0.5 
+11.0 
V 


"11K 
DC digital 
input 
diode 
current 
20 
mA 
for 
VI < -0.5 
V or VI> 
VCC 
+ 0.5 
V 


±ISK 
DC switch 
diode 
current 
20 
mA 
for 
Vs < -0.5 
V or Vs 
> 
VCC 
+ 0.5 
V 


"IS 
DC switch 
current 
25 
mA 
for-0.5 
V < Vs < VCC+0.5 
V 


± lEE 
DC V E E current 
20 
mA 


"ICC; 
DC VCC 
or GND 
current 
50 
I mA 
±IGND 


Tstg 
storage 
temperature 
range 
-65 
+150 
°c 


Ptot 
power 
dissipation 
per package 
for temperature 
range: -40 to + 125 °e 
74HClHCT 


plastic 
DI L 
750 
mW 
above 
+70 °C: derate 
linearly 
with 
12 mW/K 


plastic 
mini-pack 
(SOl 
500 
mW 
above 
+70 °C: derate 
linearly 
with 
8 mW/K 


I 


Ps 
power 
dissipation 
per switch 
100 
I mW 


Note 
to ratings 


To avoid drawing 
VCC 
current 
out of terminal 
2, when 
switch 
current 
flows 
in terminals 
Y n, the voltage 
drop 
across the bidirectional 


switch 
must not exceed 
0.4 
V. If the switch 
current 
flows 
into terminal 
Z, no VCC 
current 
will 
flow 
out of terminals 
Y n' In this case 
there 
is no limit 
for the voltage 
drop 
across the switch, 
but the voltages at Yn and Z may not exceed 
VCC 
or VEE· 


74HC 
74HCT 


SYMBOL 
PARAMETER 


i 
UNIT 
CONDITIONS 


min. 
typo 
max. 
I 
min. 
I typo 
max. 


I 


VCC 
DC supply 
voltage 
VCC-GND 
I 2.0 
5.0 
10.0 
4.5 
5.0 
5.5 
V 
see Figs 6 and 
7 


VCC 
DC supply 
voltage 
VCC-VEE 
2.0 
I 5.0 
10.0 
2.0 
5.0 
10.0 
V 
see Figs 6 and 7 


VI 
DC input 
voltage 
range 
GND 
VCC 
GNDI 
VCC 
V 


I 
Vs 
DC switch 
voltage 
range 
VEE 
VCC 
VEE 
VCC 
i 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
I 


+85 
-40 
+85 
I 


°c 
see DC and AC 


Tamb 
operating 
ambient 
temperature 
range 
-40 
I 
+125 I 
-40 
I 


+125 
I 


°c 
CHARACTERISTICS 


1 


60 


1000 
VCC = 2.0 V 
tr,tf 
input 
rise and fall times 
500 
6.0 
500 
ns 
VCC = 4.5 
V 


400 
VCC = 6.0 
V 
I 
250 
VCC = 10.0 
V 


M.coh 19"1( 
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MSI 


VCC·GND 


(V) 


6 


VCC·GND 


IVI 
5! 
i 
I 
4~1~~~~~ 


:1=1 ===== 
~I-------- 
11~ 
_ 


I~ 
_ 


°O~I-----~----- 
8 
10 
VCC,VEE 
(VI 


DC CHARACTERISTICS 
FOR 74HC!HCT 


For 74HC: 
VCC - 
GND or VCC - 
\lEE =2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: 
VCC - 
GND =4.5 and 55 V; VCC - 
VEE =2.0, 4.5, 6.0 and 9.0 V 


Tamb (OCI 
TEST CONDITIONS 


74HC!HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
IS 
Vis 
V, 
+25 
-40 
to +85 
-40 to +125 
V 
V 
~A 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


- 
- 
- 
- 
n 
2.0 
0 
100 
VCc 
VIN 
100 
180 
225 
270 
n 
4.5 
0 
1000 
RON 
ON resistance (raill 
90 
160 
200 
240 
n 
6.0 
0 
1000 
to 
or 


70 
130 
165 
195 
n 
4.5 
-4.5 
1000 
VEE 
VIL 


150 
- 
- 
- 
n 
2.0 
0 
100 


VIH 
80 
140 
175 
210 
n 
4.5 
0 
1000 
RON 
ON resistance (raill 
70 
120 
150 
180 
n 
6.0 
0 
1000 
VEE 
or 


60 
105 
130 
160 
n 
4.5 
-4.5 
1000 
VIL 


150 
- 
- 
- 
n 
2.0 
0 
100 


VIH 
90 
160 
200 
240 
n 
4.5 
0 
1000 
RON 
ON resistance Iraill 
80 
140 
175 
210 
n 
6.0 
0 
1000 
VCC 
or 


65 
120 
150 
180 
n 
4.5 
-4.5 
1000 
VIL 


- 
n 
2.0 
0 
VCC 
VIH 
maximum 
60N resistance 
9 
n 
4.5 
0 
/iRON 
between any two chann:~ls 
8 
n 
6.0 
0 
to 
or 


6 
n 
4.5 
-4.5 
VEE 
VIL 


Notes to DC characteristics 


1. At supply voltages (VCC - VEEI approaching 2.0 V the analog switch ON-resistance becomes extremely 
non-linear. There it is 


recommended 
that these devices be used to transmit digital signals only, when using these supply voltages. 


2. For test circuit measuring RON see Fig. 8. 
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DC CHARACTERISTICS 
FOR 74HC 


Voltages are referenced to GND (ground = a VI 


Tamb 
(OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 


+25 
-40 
to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


15 
12 
1.5 
1.5 
2.0 


3.15 
2.4 
3.15 
3.15 
V 
4.5 
VIH 
HIGH level input vol:age 
4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.7 
6.3 
6.3 
9.0 


0.8 
0.5 
0.5 
0.5 
2.0 
2.1 
1.35 
1.35 
135 
V 
4.5 
VIL 
LOW level input voltage 
2.8 
1.8 
18 
1.8 
6.0 
4.3 
2.7 
2.7 
2.7 
9.0 


0.1 
10 
1.0 
6.0 
a 
Vcc 
I1A 
or 
±II 
input 
leakage current 
0.2 
2.0 
2.0 
10.0 a 
GND 


I 


VIH 
IVSI = 
± IS 
analog switch OFF·s'ate 
0.1 
1.0 
1.0 
I1A 
10.0 a 
or 
VCC - VEE 
current 
per channel 
VIL 
Isee Fig. 101 


VIH 
1VSI- 


±IS 
analog switch OFF·s'ate 
0.4 
4.0 
4.0 
I1A 
10.0 a 
or 
VCC - VEE 
current 
all channels 
VIL 
(see Fig. 10) 


1 


40 


VIH 
IVSI 


±IS 
analog switch ON·state 
0.4 
4.0 
I1A 
10.0 a 
or 
VCC - 
VEE 
current 
VIL 
(see Fig. 11) 


VCC 
Vis = VEE 
8.0 
80.0 
160.0 
6.0 
a 
or VCC; 
ICC 
quiescent 
supply cur~ent 
320.0 
I1A 
10.0 a 
or 
Vos = VCC 
16.0 
160.0 
GND 
or VEE 


J"",,y 19861( 
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AC CHARACTERISTICS 
FOR 
74HC 
GND = OV;tr 
= tf= 
6 ns;CL 
= 50pF 


Tamb 
1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
-40 to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


14 
60 
75 
90 
2.0 
0 
RL = ~; 
tpHLI 
propagation 
delay 
5 
12 
15 
18 
4.5 
0 


tpLH 
Vis to Vos 
4 
10 
13 
15 
ns 
6.0 
0 
CL=50pF 


4 
8 
10 
12 
4.5 
-4.5 
Isee Fig. 171 


85 
300 
375 
450 
20 
0 


tPZHI 
turn 
"ON" 
time 
31 
60 
75 
90 
4.5 
0 
R L = 1 kfl; 


tpZL 
El to Vos 
25 
51 
64 
77 
ns 
6.0 
0 
CL=50pF 


28 
55 
69 
83 
4.5 
-4.5 
Isee Fig. 18) 


85 
300 
375 
450 
2.0 
0 
tPZHI 
turn 
"ON" 
time 
31 
60 
75 
90 
4.5 
0 
RL= 
1 kfl; 


tpZL 
E2 to Vos 
25 
51 
64 
77 
ns 
6.0 
0 
CL = 50 pF 


25 
55 
69 
83 
4.5 
-4.5 
(see Fig. 181 


91 
300 
375 
450 
2.0 
0 
tpZHI 
turn 
"ON" 
time 
33 
60 
75 
90 
4.5 
0 
R L = 1 kfl; 


tPZL 
LE to Vos 
26 
51 
64 
77 
ns 
60 
0 
CL=50pF 


27 
55 
69 
83 
4.5 
I -4.5 
Isee Fig. 181 


88 
300 
375 
450 
2.0 
0 
tPZHI 
turn "ON" 
time 
32 
60 
75 
90 
4.5 
0 
RL=1kfl; 


tPZL 
Sn to Vos 
26 
51 
64 
77 
ns 
6.0 
0 
CL = 50 pF 


25 
50 
63 
75 
4.5 
-4.5 
(see Fig. 18) 


69 
250 
315 
375 
2.0 
0 
tPHzI 
turn "OFF" 
time 
25 
50 
63 
75 
4.5 
0 
RL = 1 kfl; 


tPLZ 
El to Vos 
20 
43 
54 
64 
ns 
6.0 
0 
CL=50pF 


20 
40 
50 
60 
4.5 
-4.5 
Isee Fig. 181 


72 
250 
315 
375 
2.0 
0 
tPHzI 
turn "OF F" time 
26 
50 
63 
75 
4.5 
0 
RL=lkfl; 


tpLZ 
E2 to Vos 
21 
43 
54 
64 
ns 
6.0 
0 
CL = 50 pF 


19 
40 
50 
60 
4.5 
-45 
Isee Fig. 181 


83 
275 
345 
415 
20 
0 


tPHzI 
turn "OFF" 
time 
30 
55 
69 
83 
4.5 
0 
RL=lkfl; 


tpLZ 
LE to Vos 
24 
47 
59 
71 
ns 
60 
0 
CL = 50 pF 


26 
45 
56 
68 
4.5 
-4.5 
(see Fig. 181 


80 
275 
345 
415 
2.0 
0 
tPHzI 
turn "OFF" 
time 
29 
55 
69 
83 
4.5 
0 
RL=l 
kfl; 


tPLZ 
Sn to Vos 
23 
47 
59 
71 
ns 
6.0 
0 
CL=50pF 


24 
48 
60 
72 
4.5 
-4.5 
Isee Fig. 18) 


60 
17 
75 
90 
2.0 
0 


tsu 


set-up time 
12 
6 
15 
18 
4.5 
0 
RL=lkfl; 


Sn to LE 
10 
5 
13 
15 
ns 
60 
0 
CL = 50 pF 


18 
9 
23 
27 
4.5 
-4.5 
(see Fig. 19) 


5 
-8 
5 
5 
2.0 
I 0 


th 
hold time 
5 
-3 
5 
5 
4.5 


I 


0 
RL=lkfl; 


Sn to LE 
5 
-2 
5 
5 
ns 
6.0 
0 
CL = 50 pF 


5 
-4 
5 
5 
4.5 
-4.5 
(see Fig. 19) 


100 
11 
125 
150 
20 
0 


tw 


LE minimum 
pulse widt1 
20 
1 
25 
30 
4.5 
0 
RL=l 
kfl; 


HIGH 
17 
3 
2t 
26 
ns 
6.0 
0 
CL=50pF 


25 
7 
31 
38 
45 
-45 
Isee Fig. 19) 
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DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referenced to GND (!Iround = 0) 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 


+25 
-40 to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


4.5 


VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 


4.5 


V,L 
LOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


VCC 
±II 
input 
leakage 
current 
0.1 
1.0 
1.0 
)lA 
5.5 
0 
or 
GND 


analog switch OFF-itate 


I 


VIH 
1VSI= 
±IS 
current 
per channel 
0.1 
1.0 
1.0 
)lA 
10.0 
0 
or 
VCC - VEE 


VIL 
(seeFig. 10) 


analog 
switch 
OFF·;tate 


1 
4 


. 
0 


VIH 
1VSI= 
±IS 
current 
all channels 
0.4 
4.0 
)lA 
10.0 
0 
or 
VCC - VEE 


VIL 
(seeFig. 10) 


analog switch ON-s1ate 
VIH 
1VSI= 
±IS 
0.4 
4.0 
4.0 
)lA 
10,0 
0 
or 
VCC - VEE 
current 
VIL 
(seeFig. 11) 


VCC 
Vis = VEE 


ICC 
quiescent 
supply 
current 
8.0 
80.0 
160.0 
)lA 
5.5 
0 
or 
or VCC; 


16.0 
160.0 
320.0 
5.0 
-5.0 
GND 
Vos = VCC 
or VEE 


additional quiescen: supply 
4.5 
other 
inputs 


L'dCC 
current 
per input 
pin for 
100 
360 
450 
490 
)lA 
to 
0 
VCC 
at VCC or 
unit 
load coefficient 
is 1 
-2.1V 
(note 1) 
5,5 
GND 


Note to HCT types 


1. The value of additional quiescent supply current (6ICC) for a unit load of 1 is given here. 


To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


E" 
E2 
0.50 


Sn 
0.50 
IT 
1.5 


992 
J,"",,'I 19861 
( 


74HC/HCT4351 


MSI 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
~Oto 
+85 
~Oto+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
6 
12 
15 
18 
4.5 
0 
RL =~; 


tPLH 
Vista 
Vas 
4 
8 
10 
12 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 17) 


tpZHI 
turn "ON" time 
40 
75 
94 
113 
4.5 
0 
RL=lk.n; 


tpZL 
E1 to Vas 
31 
60 
75 
90 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 18) 


tpzHI 
turn 
"ON" 
time 
35 
70 
88 
105 
4.5 
0 
RL = 1 k.n; 


tPZL 
E2 to Vas 
26 
50 
63 
75 
ns 
4.5 
-4.5 
CL = 50pF 
(see Fig. 18) 


tPzHI 
turn "ON" 
time 
42 
75 
94 
113 
4.5 
0 
RL= 
1 k.n; 


tPZL 
LE to Vas 
37 
60 
75 
90 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 18) 


tPZHI 
turn 
"ON" 
time 
39 
75 
94 
113 
4.5 
0 
RL = 1 k.n; 


tPZL 
Sn to Vas 
30 
60 
75 
90 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 181 


tpHzI 
turn "OFF" 
time 
27 
55 
69 
83 
4.5 
0 
RL = 1 k.n; 


tPLZ 
Elto 
Vas 
20 
40 
50 
60 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 18) 


tPHzI 
turn "OFF" 
time 
32 
60 
75 
90 
4.5 
0 
RL=l 
k.n; 


tpLZ 
E2taVos 
26 
50 
63 
75 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 18) 


tpHzI 
turn "OFF" 
time 
33 
60 
75 
90 
4.5 
0 
RL=lk.n; 


tPLZ 
LE to Vas 
30 
55 
69 
83 
ns 
4.5 
-4.5 
CL=50pF 
(see Fig. 18) 


tPHzI 
turn "OFF" 
time 
33 
65 
81 
98 
4.5 
0 
RL= 
1 k.n; 


tpLZ 
Sn to Vas 
29 
55 
69 
83 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 18) 


tsu 


set-up time 
12 
6 
15 
18 
4.5 
0 
RL=lk.n; 


Sn to LE 
14 
7 
18 
21 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 19) 


th 
hold time 
5 
-1 
5 
5 
4.5 
0 
RL= 
1 k.n; 


Sn to LE 
5 
-2 
5 
5 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 19) 


tw 
LE minimum 
pulse width 
25 
13 
31 
38 
4.5 
0 
RL=lk.n; 


HIGH 
25 
13 
31 
38 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 19) 
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100 


"ON 
WI 
80 


60 


'is 


40 


VEE 


20 


I 
"CC·4.5V 
I 
I I 
'(V 
6V 
I 


1,...1 
I 
BV 


V 
!'-.. 
./ 
/ 
" 
--'V 
I 


I 
1 


Fig. 9 Typical RON asa function of input voltage 
Vis for Vis = 0 to VCC - VEE. 
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lfrom select inputsl 


~ 
Z 


V,-VCCMVEE 
A 
A 
VO-VEEMVCC 
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(from select inputsl 


~ 
Z 


V,-VEEO'VCC 
A 
VO'_,i,wi" 
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Recommended conditions and typical values 


G N D = 0 V; T amb = 25 'c 


SYMBOL 
PARAMETER 
typo 
UNIT 
VCC 
VEE 
Vis(p-p) 
CONDITIONS 
V 
V 
V 


sine-wave distortion 
0.04 
% 
2.25 
-2.25 
4.0 
RL = 10 kl1;CL 
=50 pF 
f =1 kHz 
0.02 
% 
4.5 
-4.5 
8.0 
(see Fig. 14) 


sine-wave distortion 
0.12 
% 
2.25 
-2.25 
4.0 
RL = 10 kl1;CL 
= 50 pF 


f=10 
kHz 
0.06 
% 
4.5 
-4.5 
8.0 
(see Fig. 14) 


switch "OFF" 
signal 
-50 
d8 
2.25 
-2.25 
note 1 
RL = 600 Do; CL = 50 pF 


feed-through 
-50 
dB 
4.5 
-4.5 
(see Figs 12 and 15) 


RL = 600 "-,-CL = 50 pF; 
crosstalk 
voltage 
between 
120 
mV 
4.5 
0 
f = 1 MHz (El, 
E2 or Sn, 


V(p-pl 
control 
and any switch 
220 
mV 
4.5 
-4.5 
square-wave between VCC 


(peak-to-peak value) 
and GND, tr = tf = 6 ns) 
(see Fig. 161 


fmax 


minimum 
frequency 
response 
160 
MHz 
2.25 
-2.25 
note 2 
RL = 5011;CL 
= 10pF 


(-3dBI 
170 
MHz 
4.5 
-4.5 
(see Figs 13 and 14) 


maximum 
switch 
capacitance 
Cs 
independent 
(Y) 
5 
pF 


common 
(Z) 
25 
pF 


General note 


Vis is the input 
voltage 
at a Y nor 
Z terTlinal. 
whichever 
is assigned as an input. 


Vas is the output 
voltage 
at a Y n or Z terminal, 
whichever 
is assigned as an output. 


Notes 


1. Adjust input voltage Vis to 0 dBm lel/el (0 dBm = 1 mW into 600 11). 
2. Adjust input voltage Vis to 0 dBm lel/el at Vos for 1 MHz (0 dBm = 1 mW into 50111. 
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Note to Figs 12 and 13 


Test conditions: 
VCC = 4.5 V; GNO = 0 V; VEE = -4.5 
V; 


RL = 50 n; 
Rsource = 1 kn. 


Note to Fig. 16 


The crosstalk is defined as follows 
(oscilloscope output I: 


GNO 
v" 
lZ960ti2.2 


~VI~.PI 


7Z93949 
---- 


74HC/HCT4351 
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EZ 
INPUT 
lVMlll 
j 


~ 


" 
" 


Vis 
INPUT 
90" 
a,E10f"Sn 
VMltl 
INPUTS 
'0" 


-tpLZ 


Vos 
OUTPUT 


Vas 
OUTPUT 


1293249.1 
1- 


90" 


Vos 
OUTPUT 
Mifoh-'_ 


50" 


switch 
_itch 


lZ!Hi061.2 
"ON" 
"OFF" 
"ON" 


Fig. 17 Waveformsshowing the input (Vis) to 
output (Vas) propagation delays. 


Note to Fig. 18 


(1) HC : VM=50%;VI=GNDtoVCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


Fig. 19 Waveformsshowing the set-up and hold 
times from 
Sn inputs to LE inpu'':, and minimum 
pulsewidth of LE. 


Note to Fig. 19 


(1) HC : VM = 50%; VI =GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


NEGATIVE 


INPUT 


PULSE 


,J):::'"", 
""''''')tl - 
~~LITUDE 


~L- 
,w ----_ 


1Z81476.3 


POSITIVE 


INPUT 


PULSE 


TEST 
SWITCH 
Vis 


tpZH 
VEE 
VCC 


tpZL 
VCC 
VEE 


tpHZ 
VEE 
VCC 


tPLZ 
VCC 
VEE 


others 
open 
pulse 


tr; tf 


FAMILY 
AMPLITUDE 
VM 


fmax; 


OTHER 
PULSE 
WIDTH 


74HC 
VCC 
50% 
< 2 ns 
6 ns 


74HCT 
3.0V 
1.3 V 
< 2 ns 
6 ns 


Definitions 
for 
Figs 20 and 21: 


CL = 
load capacitance 
including 
jig and 


probe 
capacitance 


(see AC CHARACTERISTICS 
for 


values). 
RT = 
termination 
resistance 
should 
be equal 


to the output 
impedance 
Zo of the 


pulse generator. 


tr 
tf = 6 ns; when 
measuring 
fmax- 
there 


is no constraint 
on tr, tf with 
50% 
duty 
factor. 
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• 
Wide analog 
input 
voltage 
range: 


±5V 


• 
Low "ON" 
resistance: 


8011 
(typ.) 
at VCC - 
VEE = 4.5 V 
7011 
(typ.) 
at VCC - 
VEE = 6.0 V 
60 11 (typ.) 
at VCC - 
VEE = 9.0 V 
• 
Logic level translation: 
to enable 
5 V logic to communicate 
with ± 5 V analog 
signals 


• 
Typical 
"break 
before 
make" 
built 
in 
• 
Address 
latches 
provided 
• 
Output 
capability: 
non-standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 
The 74HC/HCT4352 
are high·speed 


Si-gate CMOS devices. They are specified 
in compliancewithJEOEC 
standard 
no. 7A. 


The 74HC/HCT4352 
are dual 4-channel 


analog 
multiplexers/demultiplexers 
with 


common 
select logic. 
Each multiplexer 
has four independent 
inputs/outputs 
(nYO to nY3) and a common 
input/output 


(nZ). 


The 
common 
channel 
select 
logics 
include 


two select inputs 
(SQ.and S1). an active 


LOW enable input 
(E1). an active HIGH 


enable 
input 
(E2) and a latch enable 
input 


(LEI. 


With E1 LOW and E2 HIGH. one 01 the 
four switches 
is selected 
(low impedance 


ON-state) 
by So and S1. The data at the 


select inputs may be latched by using the 
active 
LOW latch enable input (LE). 


When LE is HIGH. the latch is transparent. 
~hen 
either of the two enable inputs, 


E1 (active LOW) and E2 (active HIGH). 
is inactive, 
all analog switches 
are turned 


off. 


(continued 
on next page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpZH/ 
turn "ON" time 
31 
33 
tpZL 
E1. E2 or Sn to Vos 
CL = 15 pF 
ns 


RL = 1 kn 
tpHZ/ 
turn "OFF" 
time 
VCC = 5 V 
20 
20 
tpLZ 
E1. E2 or Sn to Vos 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 
1 and 2 
55 
55 
pF 
capacitance 
per switch 


max. switch capacitance 
Cs 
independent 
(YI 
5 
5 
pF 


common 
(Z) 
12 
12 
pF 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in /-lW): 


Po = CPO X VCC' 
x Ii + ~: (CL + CS) x VCC' 
x 10) where: 


Ii = input Irequency 
in MHz 
CL 
= output 
load capacitance 
in pF 


fa = output 
frequency 
in MHz 
Cs 
;" max. switch 
capacitance 
in pF 


L UCL + CS) x VCC' 
x 10; 
= sum of outputs 
VCC = supply voltage in V 


2. For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead 
01 L; plastic 
(50T146). 
20-lead 
mini-pack; 
plastic 
(5020; 
50T163A). 


13 
17 
12 


'Z 


13 
So 
"0 
" 
'" 
I. 
12 
" 
'" 
" 
,Y, 
15 
" 
11 
LE 
'Yo 
I. 


'Y, 
,. 


15 
E, 
'Y, 


E, 
2Y, 


2Z 
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PIN NO. 
SYMBOL 
NAME ANO FUNCTION 


1.6, Z, 5 
ZYO to ZY3 
independent 
inputs/outputs 


3,14 
n.C. 
not connected 


7 
El 
enable input (active LOW) 


8 
EZ 
enable input lactive HIGH) 


9 
VEE 
negativesupply voltage 


10 
GND 
ground (0 VI 


11 
IT 
latch enable input lactive LOW) 


13.1Z 
SO.S, 
select inputs 


16,18,19,15 
lYOlO1Y3 
independent 
inputs/outputs 


17,4 
1Z,ZZ 
common 
inputs/outputs 


ZO 
VCC 
positive 
supply 
voltage 


INPUTS 
CHANNEL 


El 
EZ 
LE 
S1 
So 
ON 


H 
X 
X 
X 
X 
none 
X 
L 
X 
X 
X 
none 


L 
H 
H 
L 
L 
nYO - nZ 


L 
H 
H 
L 
H 
nYl - nZ 


L 
H 
H 
H 
L 
nYZ - nZ 


L 
H 
H 
H 
H 
nY3 - nZ 


L 
H 
L 
X 
X 
. 


X 
X 
~ 
X 
X 
.. 


H = HIGH voltage level 
• Last selected channel "ON". 
L = LOW voltage level 
•• 
Selected channels latched. 
X = don't 
care 


t = HIGH-to-LOW IT transition 


• 
Analog multiplexing 
and 
demultiplexing 
• 
Digital multiplexing 
and 


demultiplexing 
• 
Signal gating 


GENERAL 
DESCRIPTION 


VCC and GND are the supply voltage pins 
for the digital control inputs ISO,5" 
LE, 
El and EZ)' The VCC to GND rangesare 
Z.Oto 10.0 V for HC and 4.5 to 5.5 V for 
HCT. The analog inputs/outputs 
lriYO to 
ny 3, and nZI can swing between VCC as 
a positive 
limit 
and VEE 
as a negative 
limit. VCC - VEE may not exceed 10.0 V. 


For operation 
as a digital 
multiplexer/demultiplexer, 
VEE is 
connected to GNO (typically ground). 


Joe",,, 19861( 


20 


VCC 
17,. 


13 
So 


12 
S, 


11 
LE 


LOGIC LEVEL 


CONVERSION 
l-of-8 
• 
DECODER 


LATCHES 


7 " 


• 
E2 


ONO 
VEE 


'0 


Fig. 4 
Functional 
diagram. 
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RATINGS 


Limiting 
values 
in accordance 
with 
the Absolute 
Maximum 
System 
(IEC 
1341 


Voltages 
are referenced 
to VEE 
= GND 
(ground 
= 0 VI 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply 
voltage 
-0.5 
+11.0 
V 


±IIK 
DC digital 
input diode 
current 
20 
mA 
for 
VI < -0.5 
V or VI > VCC 
+ 0.5 
V 


~ISK 
DC switch 
diode current 
20 
mA 
for 
Vs < --0.5 
V or Vs > VCC 
+ 0.5 
V 


± IS 
DC switch 
current 
25 
mA 
for 
-0.5 
V < Vs < VCC 
+ 0.5 
V 


t lEE 
DC VEE 
current 
20 
mA 


tICC; 
DC VCC 
or GND 
current 
50 
mA 
tlGND 


Tstg 
I storage temperature range 
-65 
+150 
I·c 


Ptot 
power 
dissipation 
per package 
for 
temperature 
range: 
-40 
to +125·C 
74HC/HCT 


plastic 
DI L 
750 
mW 
above 
+70 ·C: derate 
linearly 
with 
12 mW/K 


plastic 
mini·pack 
(SOl 
500 
mW 
above 
+70 ·C: derate 
linearly 
with 
6 mW/K 


Ps 
power 
dissipation 
per switch 
100 
mW 


Note to ratings 


To avoid drawing 
VCC 
current 
out of terminals 
nZ, 
when 
switch 
current 
flows 
in terminals 
nY n. the voltage 
drop 
across the 


bidirectional 
switch 
must not exceed 0.4 
V. 
If the switch 
current 
flows 
into terminals 
nZ, 
no VCC current 
will 
flow 
out of 


terminals 
nY n' In this case there 
is no limit 
for the voltage 
drop 
across the switch, 
but the voltages at n Y nand 
nZ may not 
exceed 
VCC 
or VEE. 


74HC 
74HCT 
SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 
min. 
typo 
max. 
min. 
typo 
max. 


VCC 
I DC supply 
voltage 
VCC-GND 
2.0 
5.0 
10.0 
4.5 
5.0 
5.5 
V 
see Figs 6 and 7 


VCC 
DC supply 
voltage 
VCC-VEE 
2.0 
I 5.0 
10.0 
2.0 
5.0 
10.0 
I V 
see Figs 6 and 7 


VI 
DC input 
voltage 
range 
GND 
VCC 
GND 
VCC 
V 


Vs 
DC switch 
voltage 
range 
VEE I 
VCC 
VEE I 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
I 


+85 
-40 
I 


+85 
·C 
see DC and AC 


Tamb 
operating 
ambient 
"temperature 
range 
-40 
+125 
-40 
+125 
·C 
CHARACTERISTICS 


1000 
VCC 
= 2.0 
V 
tr,tf 
input 
rise and fall times 
6.0 
500 
6.0 
500 
ns 
VCC 
= 4.5 
V 


400 
VCC=6.0V 


250 
VCC 
= 10.0 
V 


74HC/HCT4352 
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VCC'GN~ I 
: 
i 
j 
: 
I 
., 
! 
I 


~//'7%i 
IVI5;~per;U,"qa(eOil 


-L//_ 


i 
' 


: 
:1 =:===================: 
I 
:1======== 
a ,~~~_~~~-~--~ 


o 
8 
10 


VCC·VEE 
(VI 


Vcc 
GND 


(VI 


DC CHARACTERISTICS 
FOR 74HC!HCT 


For 74HC: 
VCC - GND or VCC - 'lEE =2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: 
VCC - GND =4.5 and 5.5 V; VCC - VEE =2.0, 4.5, 6.0 and 9.0 V 


Tamb (OCI 
TEST CONDITIONS 


74HC!HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
IS 
Vis 
VI 
+25 
-40 to +85 
-40to 
+125 
V 
V 
"A 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


- 
- 
- 
- 
11 
2.0 
0 
100 


VCC 
VIN 
100 
180 
225 
270 
11 
4.5 
0 
1000 
RON 
ON resistance (peak) 
90 
160 
200 
240 
11 
6.0 
0 
1000 
to 
or 


70 
130 
165 
195 
11 
4.5 
-4.5 
1000 
VEE 
ViL 


150 - 
- 
- 
11 
2.0 
0 
100 
VIH 
80 
140 
175 
210 
11 
4.5 
0 
1000 
RON 
ON resistance(rail) 
70 
120 
150 
180 
11 
6.0 
0 
1000 
VEE 
or 


60 
105 
130 
160 
11 
4.5 
-4.5 
1000 
VIL 


150 - 
- 
- 
11 
20 
0 
100 
VIH 
90 
160 
200 
240 
11 
4.5 
0 
1000 
RON 
ON resistance (rail) 
80 
140 
175 
210 
11 
6.0 
0 
1000 
VCC 
or 


65 
120 
150 
180 
11 
4.5 
-4.5 
1000 
ViL 


- 
11 
20 
0 
VCC 
VIH 
maximum 
60N resistance 
9 
11 
4.5 
0 
~RON 
between any two channels 
8 
11 
6.0 
0 
to 
or 


6 
11 
4.5 
-45 
VEE 
VIL 


Notes to DC characteristics 


1. At supplv voltages (VCC - VEE) app'oaching 2.0 V the analog switch ON·resistancebecomesextremely non·linear. There it is 
recommended 
that these devices be used to transmit digital signals only, when using these supply voltages. 
2. For test circuit 
measuring 
RON 
see Fig. 8. 
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DC CHARACTERISTICS 
FOR 74HC 


Voltages are referenced to GND (ground = 0 V) 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 
+25 
-40 
to +85 
-40ta+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
15 
1.5 
2.0 
3.15 
2.4 
3.15 
3.15 
V 
4.5 


VIH 
HIGH level input voltage 
4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.7 
6.3 
6.3 
9.0 


0.8 
0.5 
0.5 
0.5 
2.0 
2.1 
1.35 
1.35 
1.35 
V 
4.5 


VIL 
LOW level input voltage 
2.8 
1.8 
1.8 
1.8 
6.0 
4.3 
2.7 
2.7 
2.7 
9.0 


0.1 
1.0 
1.0 
6.0 
0 
VCC 


ilA 
or 
±II 
input 
leakage current 
0.2 
2.0 
2.0 
10.0 
0 
GND 


I 


VIH 
IVSI- 
±IS 
analog switch OFF-state 
0.1 
1.0 
1.0 
ilA 
10.0 
0 
or 
Vce 
- VEE 
current 
per channel 
VIL 
Isee Fig. 101 


1 


20 


VIH 
1VSI= 


±IS 
analog switch OFF·state 
0.2 
2.0 
ilA 
10.0 
0 
or 
Vee - VEE 
current 
all channels 
VIL 
Isee Fig. 101 


1 
2 
. 
0 


VIH 
IIVSI 
±IS 
analog switch ON-state 
0.2 
2.0 
ilA 
10.0 
0 
or 
Vee - VEE 
current 
VIL 
(see Fig. 111 


Vee 
Vis - VEE 


8.0 
80.0 
160.0 
6.0 
0 
arVee; 
Ice 
quiescent 
supply 
current 
320.0 
ilA 
10.0 
0 
or 
Vas = Vce 
16.0 
160.0 
GND 
or VEE 
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AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
-40 to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


17 
60 
75 
90 
2.0 
0 
RL =~; 
tpHLI 
propagation delay 
6 
12 
15 
18 
4.5 
0 


tpLH 
Vis to Vos 
5 
10 
13 
15 
ns 
6.0 
0 
CL = 50 pF 


5 
8 
10 
12 
4.5 
-4.5 
(see Fi9. 18) 


turn "ON" 
time 
99 
325 
405 
490 
2.0 
0 
RL = 1 kn; 
tPZHI 
36 
65 
81 
98 
45 
0 


tPZL 
h! E2 to Vos 
29 
55 
69 
83 
ns 
6.0 
0 
CL = 50 pF 
LE to Vos 
25 
46 
58 
69 
45 
-4.5 
(see Fig. 19) 


99 
325 
405 
490 
2.0 
0 
RL = 1 kn; 
tPZHI 
turn "ON" 
time 
36 
65 
81 
98 
4.5 
0 


tpZL 
Sn to Vos 
29 
55 
69 
80 
ns 
6.0 
0 
CL=50pF 


25 
46 
58 
69 
4.5 
-4.5 
(see Fig. 19) 


turn "OFF" time 
58 
200 
250 
300 
2.0 
0 
RL=1 
kn; 
tPHzI 
21 
40 
50 
60 
4.5 
0 
tPLZ 
s.; E2 to Vos 
17 
34 
43 
51 
ns 
6.0 
0 
CL = 50 pF 


LE to Vos 
21 
40 
50 
60 
4.5 
-4.5 
(see Fig. 191 


63 
200 
250 
300 
2.0 
0 
RL = 1 kn; 
tpHzI 
turn "OF F" time 
23 
40 
50 
60 
4.5 
0 
tpLZ 
Sn to Vos 
18 
34 
43 
51 
ns 
6.0 
0 
CL = 50 pF 


24 
40 
50 
60 
4.5 
-4.5 
(see Fig. 19) 


90 
17 
115 
135 
2.0 
0 
RL = 1 kn; 
set-up time 
18 
6 
23 
27 
4.5 
0 
tsu 
Sn to LE 
15 
5 
20 
23 
ns 
6.0 
0 
CL=50pF 


18 
9 
23 
27 
4.5 
-4.5 
(see Fig. 20) 


5 
-6 
5 
5 
2.0 
0 
RL=1kn; 
hold time 
5 
-2 
5 
5 
4.5 
0 
th 
Sn to LE 
5 
-2 
5 
5 
ns 
6.0 
0 
.CL = 50 pF 


5 
-3 
5 
5 
4.5 
-4.5 
(see Fi9. 20) 


80 
11 
100 
120 
2.0 
0 
RL=lkn; 
LE minimum pulse width 
16 
4 
20 
24 
4.5 
0 
tw 
HIGH 
14 
3 
17 
20 
ns 
6.0 
0 
CL = 50 pF 


16 
4 
20 
24 
4.5 
-4.5 
(see Fig. 20) 
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DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referenced to GND (ground = 01 


Tamb 
lOCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 


+25 
-40 
to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


4.5 


VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 


4.5 


VIL 
LOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


I 0.1 


1 
55 


VCC 
"II 
input 
leakage current 
1.0 
1.0 
I'A 
0 
or 
GND 


analog switch OFF·state 


1 
0 
. 
1 
10.0 10 


VIH 
IVSI= 


± IS 
current 
per channel 
1.0 
1.0 
I'A 
or 
VCC - VEE 


I 
VIL 
(see Fig. 101 


analog switch OFF·state 


I 


1 
2 


. 
0 


i 


10.0 10 
I VIH 
1VSI= 


±IS 
current 
all channels 
0.2 


I 


2.0 
I'A 
or 
VCC - VEE 
VIL 
(see Fig. 101 


I analog switch ON·state 
I 


10.0 10 


VIH 
IVS' = 
I 
I 
±IS 
current 
0.2 
2.0 
2.0 
I'A 
or 
VCC - VEE 


VIL 
(see Fig. 11) 


VCC 
Vis = VEE 


Ice 
quiescent 
supply 
current 
8.0 
80.0 
160.0 
I'A 
5.5 
0 
or 
or VCC; 


16.0 
160.0 
320.0 
5.0 
-5.0 
GND 
Vos = VCC 
or VEE 


additional 
quiescent 
supply 
4.5 
other 
inputs 


LlICC 
current 
per input 
pin for 
100 
360 
450 
490 
I'A 
to 
0 
VCC 
at VCC or 
unit 
load coefficient 
is 1 
-2.1V 


(note 1) 
5.5 
GND 


Note to HCT types 


1. The value of additional 
quiescent supply current (LlICC) for a unit load of 1 is given here. 
To determine LlICC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


E" 
E2 
0.50 


Sn 
0.50 
IT 
1.5 


J,"",'Y 1986") 
(" 
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Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 


I 


6 
12 
15 
18 
4.5 
0 
RL = ~; 


tPLH 
Vis to Vas 
5 
8 
10 
12 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 18) 


tPZH/ 


turn 
"ON" 
time 


I 


38 
65 
81 
98 


I ns 


1 


45 
0 
RL=lk.Q; 


tPZL 
E1; E2to 
Vas 
28 
46 
58 
69 
4.5 
-45 
CL=50pF 
LE to Vas 
(see Fig. 191 


tPZHI 
turn 
"ON" 
time 
38 
65 
81 
98 
4.5 
0 
RL=lk.Q; 


tpZL 
Sn to Vas 
27 
46 
58 
69 
ns 
4.5 
-4.5 
CL=50pF 
Isee Fig. 191 


tPHzl 


turn "OFF" 
time 
20 
40 
50 
60 
I ns 
4.5 
0 
RL=lk.Q; 


tPLZ 
~toVos 
20 
40 
50 
60 
4.5 
-4.5 
CL=50pF 
LE to Vas 
(see Fig. 191 


I 


I ns 


tpHzl 
turn "OFF" 
time 


1 


25 
43 
54 
65 
4.5 
0 
RL= 
1 k.Q; 


tpLZ 
E2' Sn to Vas 
25 
43 
54 
65 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 191 


I 


set-up 
time 


I 


16 
7 
20 
24 
4.5 


I ~45 


RL = 1 k.Q; 
tsu 
Sn to IT 
18 
9 
23 
27 
ns 
4.5 
CL=50pF 
(see Fig. 201 


hold time 
5 
-1 
5 
5 
4.5 
0 
RL = 1 k.Q; 


th 
Sn to LE 
5 
-1 
5 
5 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 201 


IT minimum 
pulse width 
16 
3 
20 
24 
4.5 
0 
RL=lk.Q; 


tw 
HIGH 
16 
4 
20 
24 
ns 
4.5 
-4.5 
CL=50pF 
Isee Fig. 201 
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Fig. 9 Typical RON asa function of input voltage 
Vis for Vis = 0 to VCC - VEE. 


HIGH ::f 


lfromselect,npuui 
~ 


"Y" 
nZ 
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',VCC 
A 
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SYMBOL 
PARAMETER 
typo 
UNIT 
VCC 
VEE 
Vis(p-p) 
CONDITIONS 
V 
V 
V 


sine-wave 
distortion 


I 


0.04 
% 
2.25 
-2.25 
4.0 
Rl 
= 10 kl1;Cl 
= 50 pF 
I =1 kHz 
0.02 
% 
4.5 
-4.5 
8.0 
Isee Fig. 141 


I 


sine-wave 
distortion 
0.12 
% 
2.25 
-2.25 
4.0 
Rl 
= 10 kl1;Cl 
=50 pF 
1= 10 kHz 
0.06 
% 
4.5 
-4.5 
8.0 
Isee Fig. 14) 


switch "0 FF" signal 
-50 
dB 
2.25 
-2.25 
note 1 
Rl = 600 11; Cl = 50 pF 
leed-through 
-50 
dB 
4.5 
-4.5 
1= 1 MHz (see Figs 12and 
15) 


crosstalk between 
-60 
dB 
2.25 
-2.25 
Rl = 600 11; Cl = 50 pF; 
any two switchesl 
note 1 


multiplexers 
-60 
dB 
4.5 
-4.5 
1=1 
MHz (see Fig. 16) 


Rl 
= 600 11; Cl = 50 pF; 
crosstalk voltage betweer 
110 
mV 
4.5 
0 
1=1 
MHz IE1' E2 or SO' 
V(p-pl 
control 
and any switch 
220 
mV 
4.5 
-4.5 
square-wave between Vcc 
(peak-to-peak 
valuel 
and GND, tr = tl = 6 nsl 
Isee Fig. 171 


fmax 
minimum 
frequency 
response 
160 
MHz 
2.25 
-2.25 
note 2 
Rl 
= 5011;Cl 
= 10 pF 


(-3dB) 
170 
MHz 
4.5 
-4.5 
Isee Figs 13 and 14) 


maximum switch capacitance 


Cs 
independent 
(Y) 
5 
pF 


common 
(ZI 
12 
pF 


General note 


Vis is the input 
voltage 
at an nYn 
or nZ terminal, 
whichever 
is assigned as an input. 
Vas 
is the output 
voltage 
at an n Y n or nZ terminal, 
whichever 
is assigned as an output. 


Notes 
1. Adjust input voltage Vis to 0 dBm level 10 dBm = 1 mW into 600111. 
2. Adjust input voltage Vis to 0 dBm level at Vas lor 
1 MHz 10dBm = 1 mW into 50 11). 
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Note to Figs 12 and 13 


Test conditions: 
VCC = 4.5 V; GND = a V; VEE = -4.5 
V; 


RL = 50 n; Rsource = 1 kn. 


GNO 


- 
vee 


7Z22402./ 


Note to Fig. 17 


The crosstalk 
is defined 
as follows 


(oscilloscope 
output): 


---/L-y- 
VI~OI 


7Z93949 
--- 
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MSI 


_1 


~ 


'PLZ- 
'PZL 


I 


50" 
'0" 
1- 
tpHZ 
_ 
_ 
tPZH_ 


1 
90" 


50" 


Fig. 18 Waveformsshowing the input (Vis) to 


output (Vos) propagation delays. 
Note to Fig. 19 


(1I HC 
VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3 V; VI = GND to 3 V. 


t,._LL'hJ 


\I 
(11 


-1_ 


M 


__ 
'w -- 
",,,,, 


Fig. 20 Waveformsshowing the s"t-up and hold 
times from 
Sn inputs to LE input. 
and minimum 


pulse width of LE. 


Note to Fig. 20 


(1) HC : VM = 50%; VI = GND \0 VCC. 
HCT: VM = 1.3 V; VI = GND to 3 V. 
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NEGATIVE 


INPUT 


PULSE 
-.o1J~ 
'w-lc~~lITUOE 


J ~--~-~~-H-L-"-fl----'-TL-H-,-,,-'_-I-r- 


POSITIVE 


INPUT 


PULSE 


TEST 
SWITCH 
Vis 


tpZH 
VEE 
VCC 


tpZL 
VCC 
VEE 


tpHZ 
VEE 
VCC 


tpLZ 
VCC 
VEE 


others 
open 
pulse 


tr;tf 


FAMILY 
AMPLITUDE 
VM 


fmax; 


OTHER 
PULSE 
WIDTH 


74HC 
VCC 
50% 
< 2 ns 
6 ns 


74HCT 
3.0 V 
1.3 V 
< 2 ns 
6 ns 


Definitions 
for 
Figs 21 and 22: 


CL 
= 
load capacitance 
including 
jig and 
probe 
capacitance 


(see AC CHARACTERISTICS 
for 


values). 


RT = 
termination 
resistance 
should 
be equal 


to the output 
impedance 
Zo 
of the 
pulse generator. 
tr 
tf = 6 ns; when measuring fmax. there 
is no constraint 
on tr. tf with 
50% 
duty 
factor. 


___ 
J 


74HC/HCT4353 


MSI 


• 
Wide analog 
input 
voltage 
range: 
±5V 


• 
Low "ON" 
resistance: 


80 n (typ.) 
at VCC - 
VEE 
= 4.5 V 
70 n (typ.) 
at VCC - 
VEE = 6.0 V 
60 n (typ.) 
at VCC - 
VEE = 9.0 V 
• 
Logic 
level translation: 
to enable 
5 V logic to communicate 
with 
± 5 V analog 
signals 
• 
Typical 
"break 
before 
make" 
built 
in 
• 
Address 
latches 
provided 
• 
Output 
capabi lity: 
non-standard 


• 
'CC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4353 
are high'speed 


Si-gate CMOS devices. 
They are specified 
in compliance 
with JEOEC 
standard 
no. 7A. 


The 74HC/HCT4353 
are triple 2-channel 


analog 
multiplexers/demultiplexers 
with 
two common 
enable inpu~JE, 
and E2) 
and a latch enable 
input 
(LEI. Each 
multiplexer 
has two 
independent 
inputs/outputs 
(nYO and nY,). 
a 
common 
input/output 
(nZ) and select 


inputs 
(S 1 to S31. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPZH/ 
turn "ON" time 
29 
21 
ns 
tpZL 
E,. E2 or Sn to Vos 
CL = 50 pF 
RL = , kn 


tPHZ/ 
turn "OFF" 
time 
VCC = 5 V 
20 
22 
ns 
tpLZ 
E,. E2 or Sn to Vos 


CI 
input capacitance 
3.5 
I 3.5 
pF 


CPO 


power 
dissipation 
notes 
1 and 2 
23 
23 
pF 
capacitance per switch 


max. switch capacitance 


Cs 
independent 
(Y) 
5 
5 
pF 
common 
(Z) 
8 
8 
pF 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in IlW): 


Po = CPO X VCC' 
x fi + ~: (CL + CS) x VCC' 
x 10 : where: 


fj 
= input 
frequency 
in MHz 
CL 
= output 
load capacitance 
in pF 
fa = output 
frequency 
in MHz 
Cs 
= max. switch 
capacitance 
in pF 
L ((CL + CS) x VCC' 
x fo; 
= sum of outputs 
VCC = supply voltage in V 


2. For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead 
DI L; plastic 
(SOT146). 


20-lead 
mini-pack; 
plastic 
(S020; 
SOT163A). 


15 
s, 
IZ 
I. 


'3 
5, 
IVO ,. 


12 
53 
,V, 
17 


22 
,. 


L' 
'Vo 


>V, 


" 


JZ 


" 
3Vo 


lV, 


lZ960J02 


Fig. 2 
Logic symbol. 


74HC/HCT4353 


MSI l 
_ 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


2.1 
2YO,2Y1 
independent 
inputs/outputs 


5 
3Z 
common 
input/output 


6,4 
3YO,3Y1 
independent 
inputs/outputs 


3,14 
n.c. 
not connected 


7 
E1 
enable 
input 
(active 
LOW) 


8 
E2 
enable 
input 
(active 
HIGH) 


9 
VEE 
negative 
supply 
voltage 


10 
GND 
ground 
10 V) 


11 
LE 
latch 
enable 
input 
(active 
LOW) 


15,13,12 
51 to 53 
select inputs 


16,17 
1YO,1Y1 
independent 
inputs/outputs 


18 
1Z 
common 
input/output 


19 
2Z 
common 
input/output 


20 
VCC 
positive 
supply 
voltage 


INPUTS 
CHANNEL 


- 


EZ 
LE 
Sn 


ON 
E1 


H 
X 
X 
X 
none 
X 
L 
X 
X 
none 


L 
H 
H 
L 
nYO - nZ 


L 
H 
H 
H 
nY, 
- nZ 


L 
H 
L 
X 
. 


X 
X 
• 
X 
.. 


H = HIGH 
vOltage level 
L = LOW voltage 
level 


X = don't 
care 


• = H IGH·to·LOW 
IT transition 


• 
Analog 
multiplexing 
and 


demultiplexing 


• 
Digital 
multiplexing 
and 


demultiplexing 


• 
Signal 
gating 


Each multiplexer/demultiplexer 
contains 
two 
bidirectional 
analog switches, 
each 
with one side connected 
to an 


independent 
input/output 
(nYO and nY11 
and the other 
side connected 
to a common 
input/output 
(nZI. 


With 
E1 LOW and E2 HIGH, 
one of the 


two switches 
is selected (low impedance 


ON·state) 
by 51 to 53. 


The data at the select inputs 
may be 


latched 
by using the active 
LOW latch 
enable 
input (IT). When 
LE is HIGH, 
the 


latch 
is transparent. 
When 
either 
of the 


two enable 
inputs, 
E1 (active 
LOW) 
and 


E2 (active 
HIGH), 
is inactive, 
all analog 
switches 
are turned 
off. 


Vcc 
and GND 
are the supply 
voltage 
pins 
!£': t~e digital 
control 
inputs 
(51 
to 53, 


LE, El 
and E2). The VCC to GND 
ranges 
are 2.0 to 10.0 V for 
HC and 4.5 to 5.5 V 
for 
HCT. 
The analog inputs/outputs 
(nYO 
and nY1, 
and nZ) can swing 
between 
VCC 
as a positive 
limit 
and VEE 
as a negative 


limit. 
VCC 
- 
VEE 
may not 
exceed 
10.0 V. 


For operation 
as a digital 


multiplexer/demultiplexer. 
VEE 
is 


connected 
to GND 
(typically 
ground). 
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Limiting 
values in accordance 
with 
the Absolute 
Maximum 
System (lEe 134) 


Voltages are referenced to VEE = GND (ground = 0 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+11.0 
V 


'11K 
DC digital 
input 
diode 
current 
20 
mA 
for VI < -0.5 V or VI> 
VCC + 0.5 V 


,ISK 
DC switch diode current 
20 
mA 
for Vs < --{).5 V or Vs > VCC + 0.5 V 


'IS 
DC switch 
current 
25 
mA 
for -0.5 V < Vs < VCC + 0.5 V 


'lEE 
DC V EE current 
20 
mA 


'ICC; 
DC VCC or GND current 
50 
mA 


'IGND 


Tstg 
storage temperature range 
-65 
+150 
·C 


PlOt 
power 
dissipation 
per package 
for temperature range: -40 to +125·C 
74HC/HCT 


plastic 01L 
750 
mW 
above +70 ·C: derate linearly with 12 mW/K 


plastic mini-pack (SOl 
500 
mW 
above +70 ·C: derate linearly with 8 mW/K 


Ps 
power 
dissipation 
per switch 
100 
mW 


Note to ratings 


To avoid drawing 
VCC 
current 
out of terminals 
nZ, when 
switch 
current 
flows 
in terminals 
nY n, the voltage 
drop across the 
bidirectional 
switch must not exceed 0.4 V. If the switch current 
flows into terminals 
nZ, no VCC current 
will flow out of 
terminals 
nY n. In this case there 
is no limit 
for the voltage 
drop 
across the switch, 
but the voltages at nY nand 
nZ may not 
exceed VCC or VEE. 


74HC 
74HCT 
SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 
min. 
typo 
max. 
min. 
typo 
max. 


VCC 
DC supply voltage VCC-GND 
2.0 
5.0 
10.0 
4.5 
5.0 
5.5 
V 
see Figs 6 and 7 


VCC 
DC supply voltage VCC-VEE 
2.0 
5.0 
10.0 
2.0 
5.0 
10.0 
V 
I see Figs 6 and 7 


VI 
DC input 
voltage ran~le 
GND 
VCC 
GND 
VCC 
V 


Vs 
DC switch 
voltage 
range 
VEE 
VCC 
VEE 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+85 
-40 
I 
+85 
·C 
seeDC and AC 


Tamb 
operating 
ambient 
temperature 
range 
-40 
+125 
-40 
I +125 I 
·C 
CHARACTERISTICS 


1000 
VCC = 2.0 V 
tr.tf 
input 
rise and fall times 
6.0 
500 
6.0 
500 
ns 
VCC = 4.5 V 


400 
VCC = 6.0 V 
250 
VCC = 10.0 V 


74HC/HCT4353 


MSI 


6 


VCC·GND 


(V) 


Vcc 
GND 


(V) 


DC CHARACTERISTICS 
FOR 74HC/HCT 


For 74HC: 
VCC - 
GND or VCC - VEE =2.0, 4.5, 6.0 and 9.0 V 


For 74HCT: 
VCC - 
GND =4.5 and 5.5 V; VCC - VEE =2.0, 4.5, 6.0 and 9.0 V 


Tamb (OC) 
TEST CONOITIONS 


74HC/HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
IS 
Vis 
VI 
+25 
-40 
to +85 
-40to 
+125 
V 
V 
~A 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


- 
- 
- 
- 
.11 
2.0 
0 
100 I VCC 
VIN 
100 
180 
225 
270 
.11 
4.5 
0 
1000 
RON 
ON resistance (peak) 
90 
160 
200 
240 
.11 
6.0 
0 
1000 
to 
or 


70 
130 
165 
195 
.11 
4.5 
-4.5 
1000 
VEE 
VIL 


150 
- 
- 
- 
.11 
2.0 
0 
100 
VIH 
80 
140 
175 
210 
.11 
4.5 
0 
1000 
RON 
ON resistance (rail) 
70 
120 
150 
180 
.11 
6.0 
0 
1000 
VEE 
or 


60 
105 
130 
160 
.11 
4.5 
-4.5 
1000 
VIL 


150 - 
- 
- 
.11 
2.0 
0 
100 


VIH 
90 
160 
200 
240 
.11 
4.5 
0 
1000 
RON 
ON resistance 
80 
140 
175 
210 
.11 
6.0 
0 
1000 
VCC 
or 


65 
120 
150 
180 
.11 
4.5 
-4.5 
1000 
VIL 


- 
.11 
2.0 
0 
VCC 
VIH 
maximum 
.6.ON resistance 
9 
.11 
4.5 
0 
/IRON 
between any two channels 
8 
.11 
6.0 
0 
to 
or 


6 
.11 
4.5 
-4.5 
VEE 
VIL 


Notes to DC characteristics 


1. At supply voltages (VCC - VEEI approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended 
that 
these devices be used to transmit 
digital 
signals only. 
when 
using these supply 
voltages. 


2. For test circuit 
measuring 
RON 
see Fig. 8. 
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Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 
+25 
-40 to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 
2.0 


VIH 
HIGH level input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 
4.2 
3.2 
4.2 
4.2 
6.0 
6.3 
4.7 
6.3 
6.3 
9.0 


0.8 
0.5 
0.5 
0.5 
2.0 


I 
VIL 
LOW level input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 
2.8 
1.8 
1.8 
1.8 
6.0 


I 
4.3 
2.7 
2.7 
2.7 
9.0 


0.1 
1.0 
1.0 
6.0 
0 
Vce I 
±II 
input 
leakage current 
0.2 
2.0 
2.0 
p.A 
10.0 
0 
or 
GND 


analog switch OFF-stilte 
I VIH 
IVSI= 
±IS 
current 
per channel 
0.1 
1.0 
1.0 
p.A 
10.0 
0 
or 
Vee - VEE 


VIL 
(see Fig_ 101 


analog 
switch 
OFF-state 
I 
VIH 
tVSI= 
±IS 
current 
all channels 
0.1 
1.0 
1.0 
p.A 
10.0 
0 
or 
Vec - VEE 


VIL 
(seeFig. 101 


analog switch 
ON-state 
VIH 
1VSI= 
±IS 
current 
0.1 
1.0 
1.0 
p.A 
10.0 
0 
or 
Vec - VEE 


VIL 
(see Fig. 111 


8_0 
80.0 
160.0 
6.0 
0 
Vec 
Vis = VEE or 
Ice 
quiescent 
supply 
current 
16.0 
160.0 
320_0 p.A 
10.0 
0 
or 
Vee; Vos = 
GND 
VeeorVEE 


January 
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AC CHARACTERISTICS 
FOR 
74HC 


GND = a v; tr = tf = 6 ns; CL = 50 pF 


Tamb 
(OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
--40 to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
I 
max'l 


I 
14 
60 
75 
90 
I 
2.0 
a 
I RL = 
00' 
tPHLI 
propagation 
delay 
5 
12 
15 
18 
4.5 
a 
' 


I tPLH 
I 


Vis to Vos 
4 
10 
13 
15 
I ns 
6.0 
a 
CL = 50 pF 


4 
8 
10 
12 
I 
4.5 
-4.5 
Isee Fig. 18) 


I 


61 
250 
315 
i 375 
I 
2.0 
a 
tpZHI 
turn "ON" 
time 
22 
50 
63 
75 
4.5 
a 
RL = 1 krl; 


I tPZL 


i 


E,; E2 to Vos 
18 
43 
54 


I 


64 
ns 
6.0 
a 
CL = 50 pF 


18 
40 
50 
60 
4.5 
-4.5 
Isee Fig. 19) 


55 
200 
250 
I 300 
2.0 
a 
I 
RL=1krl; 


tPZHI 
turn "ON" 
time 
20 
40 
50 
60 
4.5 
a 


tpZL 
IT to Vos 
16 
34 
43 
51 
ns 
6.0 
a 
CL = 50 pF 


17 
40 
50 
60 
4.5 
-4.5 
(see Fig. 19) 


I 


61 
225 
280 
I 340 
2.0 
a 
I 
tPZHI 
turn 
"ON" 
time 
22 
45 
56 
68 
4.5 
a 
RL=lkrl; 


ns 
a 
CL = 50 pF 
I tpZL 


I 


SntoVos 
18 
38 
48 
58 
6.0 


I 


17 
40 
50 
60 
4.5 
-4.51 
(see Fig. 19) 


I 


66 
250 
315 
375 
2.0 
a 
RL=lkrl; 


I tPHzI 
turn "OFF" 
time 


I 


24 
50 
63 
75 
4.5 
a 
E,; 
E2 to Vos 
19 
43 
54 
64 
ns 


I ~45 


CL = 50pF 
tpLZ 
6.0 
(see Fig. 19) 
19 
40 
50 
60 
4.5 


I 


55 
200 
250 
I 300 


I ns 


2.0 
a 
RL = 1 krl; 
tPHzI 
turn "OFF" 
time 
20 
40 
50 
60 
4.5 
a 
tPLZ 
Sn to Vos; 
LE to Vos 
16 
34 
43 
51 
60 
a 
CL = 50 pF 


19 
40 
50 
I 60 
4.5 
-4.5 
Isee Fig. 19) 


60 
17 
75 
90 
! 
2.0 
jg 
RL = 1 krl; 
set-up time 
12 
6 
15 
18 


I 
4.5 
tsu 
Sn to LE 
10 
5 
13 
15 


I 


ns 
6.0 I ~45 


CL = 50pF 


18 
8 
23 
27 
4.5 
(see Fig. 20) 


5 
-6 
5 
5 
2.0 
a 
RL= 
1 krl; 
hold time 
5 
-2 
5 
5 
4.5 
a 
th 
Sn to IT 
5 
-2 
5 
5 
ns 
6.0 
a 
CL = 50 pF 


5 
-3 
5 
5 
4.5 
-4.5 
(see Fig. 20) 


80 
11 
100 
120 
2.0 
a 
RL = 1 krl; 
IT minimum 
pulse width 
16 
4 
20 
24 
4.5 
a 
tw 
HIGH 
14 
3 
17 
20 
ns 
6.0 
a 
CL = 50 pF 


16 
6 
20 
24 
4.5 
-4.5 
(see Fig. 20) 
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DC CHARACTERISTICS 
FOR 74HCT 


Voltages are referenced to GND (ground = a VI 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
VI 
OTHER 


+25 
-40 to +85 
-40 to +125 
v 
V 


min. I typo 
max. 
min·1 max. 
min. 
max. 


4.5 


I 
VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 
I 


4.5 


VIL 
LOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


I VCC 
±I[ 
input 
leakage current 
0.1 
1.0 
1.0 
!J.A 
5.5 
0 
or 
GND 


analog switch OFF-state 
11.0 
10.0 10 


VIH 
IVSI~ 
±IS 
current 
per channel 
0.1 
1.0 
!J.A 
or 
VCC - VEE 


VIL 
(see Fig. 10) 


analog switch OFF·state 


I 


10.0 10 
I VIH 
IVSI = 
±IS 
cu rrent all channels 
0.1 
1.0 
1.0 
!J.A 


I ~IL 
VCC - 
VEE 


Isee Fig. 10) 


analog switch ON·state 


I 
I VIH 
IVSI = 
±IS 
current 
0.1 
1.0 
1.0 
!J.A 
10.0 
0 
or 
VCC - VEE 
VIL 
(see Fig. 11) 


8.0 
80.0 
160.0 
5.5 
a 
VCC 
Vis = VEE or 
ICC 
quiescent 
supply 
current 
16.0 
160.0 
320.0 
!J.A 
5.0 
-5.0 
or 
VCC; Vas = 
GND 
VCCarVEE 


additional 
quiescent 
supply 
4.5 
Vec 
other 
inputs 
current 
per input 
pin for 
DoICC 
unit 
load coefficient 
is 1 
100 
360 
450 
490 
!J.A 
to 
0 
-2.1 
at Vee or 


(note 1) 
5.5 
V 
GND 


Note to HCT types 


1. The value of additional 
quiescent 
supply 
current 
!tdCC} 
for a unit 
load of 1 is given here. 


To determine Dolce per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT 
LOAD 
COEFFICIENT 


El' E2 
0.50 
§n. 
0.50 


LE 
1.5 
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AC CHARACTERISTICS 
FOR 
74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


I 


Tamb (OC) 
TEST CONDITIONS 


! 
74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VEE 
OTHER 
+25 
-40 
to +85 
-40to+125 
V 
V 


I 
I min. 
typo 
I max. 
min. 
max. 
min. 
max. 
I 


I 
I 


tPHLI 
propagation 
delay 
I 
5 
I 12 


1 


15 
I 
I 18 
4.510 
RL =oo;CL =50pF 


tpLH 
Vis to Vas 
4 
18 
10 
I 
12 
ns 
45 
: -4.5 
(see Fig. 18) 
I 
: 


I tpZHI 


I 


I 
I 
I 
!O 
RL = 1 kn; 
turn "ON" 
time 
I 
26 


1 


55 
69 


I 


83 


1 


45 


I 


ns 
CL = SOpF 


I tPZL 
E1 to Vos 
22 
4S 
S6 
68 
4.S 
1-4.5 
(see Fig. 19) 
I 


Iso 


I 


I 
RL=1kn; 


I tpZHI 


i 


turn 
"ON" 
time 
I 


1 


22 
163 
I 7S 
ns 


1 
4s 


I0 
CL=SOpF 


tpZL 
E2 to Vos 


I 


18 
I 40 
i SO 
I 60 
4.S 
-4.5 
(see Fig. 19) 
I 
! 
I 
145 


I 


I 
RL=1kn; 


tPZHI 
turn "ON" 
time 
21 
56 
I 68 


1 


45 
0 


tPZL 
I 
IT to Vos 
17 
I 40 
50 
! 60 
ns 
4.5 
1-4.5 
CL = 50pF 


I 
I 
I 
I 
(see Fig. 191 


tpZHI 
I turn "ON" 
time 


150 
I 
I 
I 75 
14.5 
10 
RL=1kn; 


I 


25 


1 


63 


tpZL 
Sn to Vos 
19 
56 
i 
68 
ns 


14.5 
1-4.5 
CL = 50 pF 


I 45 
I 
(see Fig. 19) 
I 
I 
I 
: 
I 
I 
I 
! 
i 
10 
RL=1kn; 


I 
I tpHzI 
i 
turn "OFF" 
time 


I 


1 


23 
I 50 


1 


63 
I 
I 75 
4.5 
I 
I 
ns 
CL = 50pF 
tpLZ 
I 
E1 to Vos 
19 
140 
i 
50 
I 
I 60 
4.5 i -4.5 
I 
(see Fig. 19) 
I 
I 
I 
I 
, 


I 


I 


I 
I 
I 


Ins 
I ~4.5 


RL = 1 kn; 
1 


tpHzI 
turn 
"OFF" 
time 
I 


27 


1 


50 


1 


63 
75 


1 


45 
CL = 50 pF 


I 


tPLZ 
E2 to Vos 


1 


23 
40 
50 
I 
60 
45 
(see Fig. 19) 


I 
I 
I 
i 
RL= 
1 kn; 


I 


tPHzI 
turn "OFF" 
time 
19 


1 


40 
T50 
60 


1 
4 
. 
5 
0 


tPLZ 
IT to Vos 
19 
40 


1 
50 


I 60 
ns 
4.5 
-4.S 
CL = 50 pF 


I 
(see Fig. 191 


tPHzI 
turn "OFF" 
time 
22 
45 


1 


56 
I 
68 
4.5 


I ~4.5 


RL=1kn; 


I 


ns 
CL = 50 pF 
tpLZ 
I 


Sn to Vos 
22 
45 
56 


1 


68 
4.5 
(see Fig. 19) 


set-up time 
12 
7 
15 


1 


18 
4.5 
0 
RL=1 
kn; 


1 
tsu 
Sn to IT 
15 
9 
19 
22 
ns 
4.5 
-4.5 
CL = 50 pF 
(see Fig. 20) 


hold time 
S 
0 


I 


5 
I~ I 


4.5 
0 
RL=1kn; 


1 


th 
Sn to LE 
5 
-2 
S 
ns 
4.5 
-4.5 
CL = SOpF 
(see Fig. 20) 


LE minimum 
pulse width 
16 
3 
20 
24 
4.5 
0 
RL = 1 kn; 
tw 
HIGH 
16 
5 
20 
24 
ns 
4.5 
-4.5 
CL = SO pF 
(see Fig. 20) 
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I401'--~---------~ 
I>----r------ 


20 I 


Fig. 9 
Typical 
RON 
as a function 
of 
input 
voltage 


Vis for 
Vis = 0 to 
VCC 
- 
VEE 
. 


HIGH :==F 


lflOms.ele<:tlnputsf 
~ 


nYn 
nZ 


V • V,," 
VCC 
A 
Va (open 
c,rcuit) 
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ADDITIONAL 
AC CHARACTERISTICS 
FOR 74HC/HCT 


Recommended 
conditions 
and typical 
values 


SYMBOL 
PARAMETER 
typo 
UNIT 
VCC 
VEE 
Vis(p-p) 
CONDITIONS 


V 
V 
V 


sine-wave 
distortion 
0.04 
% 
2.25 
-2.25 
4.0 
RL = 10 kQ;CL = 50 pF 


f =1 kHz 
0.02 
% 
4.5 
-4.5 
8.0 
(see Fig. 14) 


sine-wave 
distortion 
0.12 
% 
2.25 
-2.25 
4.0 
RL = 10kQ;CL 
= 50pF 


f = 10 kHz 
0.06 
% 
4.5 
-4.5 
8.0 
(seeFig. 141 


I 


switch "OFF" 
signal 
-50 
d8 
2.25 
-2.25 
note 
1 
RL = 600 Q; CL = 50 pF 


feed-through 
-50 
dB 
4.5 
-4.5 
f = 1 MHz (seeFigs 12 and 151 


crosstalk between 
-60 
dB 
2.25 
-2.25 
RL = 600 Q; CL = 50 pF; 
any two switches/ 
note 1 


multiplexers 
-60 
dB 
4.5 
-4.5 
f = 1 MHz (seeFig. 161 


RL = 600 Q; CL = 50 pF; 


crosstalk 
vOltage between 
110 
mV 
4.5 
0 
f = 1 MHz IE1' E2 or Sn' 


Vlp-p) 
control 
and any switch 
220 
mV 
4.5 
-4.5 
square-wave 
between 
V CC 


(peak-to-peak value) 
and GND, tr = tf = 6 ns) 
Isee Fig. 171 


fmax 


minimum 
frequency 
response 
160 
MHz 
2.25 
-2.25 
note 2 
RL = 50Q;CL 
= 10 pF 


(-3dB) 
170 
MHz 
4.5 
-4.5 
Isee Figs 13 and 14) 


maximum 
switch 
capacitance 
Cs 
independent (Y) 
5 
pF 


common 
(Zl 
12 
pF 


General note 


Vis is the input 
voltage 
at an nYn 
or nZ terminal, 
whichever 
is assigned as an input. 


Vas is the output 
voltage 
at an nY n or nZ terminal, 
whichever 
is assigned as an output. 


Notes 
1. Adjust input voltage Vis to 0 dBm level (0 dBm = 1 mW into 600 Q). 
2. Adjust input voltage Vis to 0 dBm level at Vas for 1 MHz (0 dBm = 1 mW into 50 Q). 


Fig. 12 Typical switch "OFF" signal 


feed-through 
as a function 
of frequency. 


"I (MarCh 
1988 


74HC/HCT 
4353 


MSI l 
-- 


Note to Figs 12 and 13 


Tes! conditions: 
VCC = 4.5 V; GND = 0 V; VEE = -4.5 
V; 
RL = 50 n; 
Rsource = 1 kn. 


,Y,I,2 
~ 
'2/,Y, 
Vi'--1~~V" 


10jJf 


RL 
_Cl 
dB 


channel 


ON 
GNO 


7Z93959./ 
~ 


nY",lnZ 
1"•.•..J../1 
nZ/nY 
Vi'---1~~f[E' 


O.lIo'F 
Rl 
V- 


RL 
CL 


chlnnel 


ON 


GNO 


"'" 
lal 
(bl 


Fig. 15 
Test circuits 
for measuring 
crosstalk 
between 
any two switches/multiplexers. 


lal channel 
ON condition; 
Ib) channel 
OFF condition. 


Note to Fig. 17 


The crosstalk 
is defined 
as follows 
{oscilloscope 
output): 


_~_ 
I 
~_-Lv(P'Pt 


1Z9J949 
---' 
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1- 'PLZ-I ~I 'PZL 
50% 


~IL 
1- 
lPHZ 
_ 
__ lpZH_ 


90% 
~i"hJ_ 
"ON" 


Note to Fig. 19 


111 HC 
VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3 V; VI = GND to 3 V. 


~~ 
-1_" 
'.__ J- 


Fig. 20 Waveformsshowing the set-up and hold 
times 
from 
Sn inputs 
to IT input, 
and minimum 


pulse width of LE. 


Note to Fig. 20 


(1) HC 
VM = 50%; VI = GND to VCC. 


HCT: VM = 1.3 V; VI = GND to 3 V. 


74HC/HCT 
4353 


MSI 
l 
_ 


1 


'w 
tl=..M'"' 


Vec 
Vis 
Vcc 


NEGATIVE 


INPUT 


Rl 


PULSE 
J.V~~~Hll'fl 
o open 
ITLH(trl + 
__ 
OV 


Cl 
SWITCH 
jf::'""" 


tTHL(tfl 
--I 
1-- 


GND 
POSITIVE 
J[~M:"TUDE 
INPUT 


V" 
PULSE 
'0% 


'W 


7Z87416.J 


TEST 
SWITCH 
Vis 


tpZH 
I 
VEE 
VCC 
tPZL 
VCC 
VEE 


tPHZ 
VEE 
VCC 
tPLZ 
VCC 
VEE 


others 
open 
pulse 


tr; tf 


FAMILY 
AMPLITUDE 
VM 
fmax; 
OTHER 
PULSE WIDTH 


74HC 
VCC 
50% 
< 2 ns 
6 ns 


74HCT 
3.0 V 
1.3 V < 2 ns 
6 ns 


Definitions 
for Figs 21 and 22: 


CL = load capacitance including jig and 


probe 
capacitance 


(seeAC CHARACTERISTICS 
for 


values!. 


RT 
= 
termination 
resistance 
should 
be equal 


to the output 
impedance Zo of the 


pulse generator. 
tr 
!f = 6 ns; when 
measuring 
fmax, 
there 


is no constraint 
on tr. !f with 50% 
duty factor. 
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FEATURES 


• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


The 74HC/HCT4510 are high·speed 
Si·gate CMOS devicesand are pin 
compatible with the "4510" of the 
"40008" 
series.They are specified in 
compliance with JEDEC standard no. 7A. 


The 74HC/HCT4510 are edge·triggered 
synchronous 
up/down 
BCD counters 
with 


a clock input (CP), an up/down count 
control input (UPIDN), an active LOW 
count 
enable 
input 
(CE"), an asynchronous 
active HIGH parallel load input (PL), 
four parallel inputs (DO to 03), four 
parallel outputs 1QOto Q31,an activ" 
LOW terminal count output (rei, and an 
overriding 
asynchronous 
master 
reset 


input (MRI. 


Information 
on 00 
to 03 
is loaded 
into 
the counter while PL is HIGH, indep"ndent 
of all other 
input 
conditions 
except 
the 
MR input, which must be LOW. With PL 
LOW, the counter changeson the LOW·to· 
HIGH transition of CP if IT is LOW. 
UP/DN determines the direction of the 
count, HIGH for counting up, LOW for 
counting 
down. 
When 
counting 
UP. TC is 
LOW when QOand Q3 are HIGH and CE 
is LOW. When counting down, TC is LOW 
when QO to Q3 and CE are LOW. A HIGH 
on M R resetsthe counter 1QOto Q3 ,~ 
= LOW) independent of all other input 
conditions. 


Logic equation 
for terminal 
count: 


TC = CE. 
: (UP/ONI . QO. 03 + 


+ (UP/ONI .00.01 
.02· 
(3) 


74HC!HCT4510 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation delay 


tpLH 
CPto Qn 
CL=15pF 
21 
23 
ns 


fmax 
I 
maximum 
clock 
frequency 


VCC = 5 V 


57 
58 
MHz 


I CI 
input capacitance 
3.5 
3.5 
pF 


CpO 
power dissipation 
notes 1 and 2 
50 
53 
pF 
capacitance 
per package 


Notes 


1. CPD is used to determine the dynamic power dissipation (PO in J.lW): 


Po = CPOx VCC' x fi + ~ (CL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fa = output frequency in MHz 
VCC = supply voltage in V 
~ (CL X VCC' x fol = sum of outputs 


2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16·lead DI L; plastic (SOT38Z). 
16·lead mini·pack; 
plastic (S016; SOT1 09A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
PL 
parallel load input (active HIGHI 


4,12,13,3 
00 to D3 
parallel inputs 


5 
IT 
count enable input (active LOWI 


6,11,14,2 
QOto Q3 
parallel outputs 


7 
IT 
terminal 
count 
output 
(active 
LOW) 


8 
GND 
ground (0 VI 


9 
MR 
asynchronous 
master 
reset input 
(active 
HIGH) 


10 
UP/ON 
up/down 
control 
input 


15 
CP 
clock input (LOW·to·HIGH, edge·triggered) 


16 
VCC 
positive supply voltage 


74HC/HCT4510 


MSI l 
_ 


MR 
PL 
UP/ON 
CE 
CP 
MODE 


L 
H 
X 
X 
X 
parallel 
load 


L 
L 
X 
H 
X 
no change 


L 
L 
L 
L 
t 
count 
down 


L 
L 
H 
L 
t 
count 
up 


H 
X 
X 
X 
X 
reset 


H = HIGH 
voltage 
level 
L = LOW voltage 
level 
X = don't 
care 


t = LOW-to-HIGH 
clock 
transition 


CPI 
IT 
I 
I 
I 
I 


UPI:ht11 


PLlhTTl 
i 


Dol TTT 
I 


011 
I 
I 
I 


0, I 
I 
I 
I 


031 
I 
I 
I 
I 
I 
i 
, 
, 
I 
I 
:~t:f]:;I' 


0, 
I 
I 
I I 
I 
' 


03,!!!!, 
lil,ll 
, 
~ 


,oJ 0 I , I , 131.15161,1, 
~ ,1,1,1615 
i .131,1 
, Q-i ,161 
,10 


I' 
I 


I 
i 
r 
I 


I 
I 
I 
I 
I 
I 
I 


I 
1 
I 
I 
I 
I 


! 
I 
I 
I 
, 


, 


I 
I 
I 
, 
, 
I 


[JJ 
h..l 


I I V 
___ 
' 
cc 


I 
I 


I 
I 
I 
I 
GND 
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Pl 
~ 


~~ 


cp~)o-Cl 
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Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 
- 
min. 
typo 
max. 
min. 
max. 
min. 
max. 


1 


69 
220 
275 
330 
2.0 
tpHLI 
propagation delay 
25 
44 
55 
66 
ns 
4.5 
Fig.7 
tPLH 
CP to Qn 
20 
37 
47 
56 
6.0 
i 


63 
210 


I 


265 
315 
2.0 
tpHL 
propagation delay 
23 
42 
53 
63 
ns 
4.5 
Fig. 10 
MR to Qn 
18 
36 
45 
54 
6.0 


77 


1 
250 
315 
375 
2.0 


I Fig 9 
tPLHI 
propagation delay 
28 


1 
50 
63 
75 
ns 


1 


45 
tpHL 
PL to Qn 
22 
43 
54 
64 
6.0 


I 


74 


1 


260 


1 


325 


I 


395 
2.0 
tpHLI 
propagation delay 
27 
52 
65 
78 
ns 
4.5 
Fig.7 
tpLH 
CP to TC 
22 
44 
55 
66 
6.0 


36 


1 


125 
155 
190 
2.0 


I Fig. 8 
tPHLI 
propagation delay 
13 
25 
31 
38 
ns 
4.5 
tpLH 
CE to TC 
10 
21 
26 
32 
6.0 


69 
235 
295 


I 


355 
2.0 
tpLH 
propagation delay 
25 
47 
59 
71 
ns 
4.5 
Fig. 10 
MR to TC 
20 
40 
50 
60 
6.0 


tPHLI 
91 
300 
375 
450 
2.0 
propagation delay 
33 
60 
75 
90 
ns 
4.5 
Fig. 9 
tpLH 
PL to TC 
26 
51 
64 
77 
6.0 


19 
75 
95 
110 
2.0 
tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 9 
tTLH 
6 
13 
16 
19 
6.0 


pulse width 
CP, CE 
80 
25 
100 
120 
2.0 
tw 
16 
9 
20 
24 
ns 
4.5 
Fig.7 
HIGH or LOW 
14 
7 
17 
20 
6.0 


80 
22 
100 
120 
2.0 
tw 
parallel load pulse width 
16 
8 
20 
24 
ns 
4.5 
Fig. 10 
HIGH 
14 
7 
17 
20 
6.0 


master reset pulse width 
100 
19 
125 
150 


I 


2.0 
tw 
20 
7 
25 
30 
ns 
4.5 
Fig. 10 
HIGH 
17 
6 
21 
26 
6.0 


I 


removal 
time 
80 
28 
100 
120 
2.0 
trem 
16 
10 
20 
24 
ns 
4.5 
Fig. 10 
MR to CP 
14 
8 
17 
20 
6.0 


80 
14 
100 
120 
2.0 
trem 
removal 
time 
16 
5 
20 
24 
ns 
4.5 
Fig. 10 
PL to CP 
14 
4 
17 
20 
6.0 


J"'V 19871 ( 


_____ 
B_C_D_U_P_/_d_o_w__nc_o_u_n_t_er 
J 


74HC/HCT4510 


MSI 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


100 
30 
125 
150 
2.0 


I Fig 8 
tsu 
set-up time 
20 
11 
25 
30 
ns 
4.5 
UP/DN to CP 
17 
9 
21 
26 
6.0 


100 
19 
125 
150 


I ns 


2.0 


tsu 
se~p 
time 
20 
7 
25 
30 
4.5 
Fig.8 
CE to CP 
17 
6 
21 
26 
6.0 


100 
17 
125 
150 
2.0 


tsu 
set-up time 
20 
6 
25 
30 
ns 
4.5 
Fig. 11 
Dn to PL 
17 
5 
21 
26 
6.0 


hold time 
5 
0 
5 
5 
2.0 


th 
CE to CP 
5 
0 
5 
5 
ns 
45 
Fig.8 


5 
0 
5 
5 
6.0 


3 
-6 
3 
3 
2.0 


th 
hold time 
3 
-2 
3 
3 
ns 
4.5 
Fig. 11 
Dn to PL 
3 
-2 
3 
3 
6.0 


0 
-19 
0 


I 


0 


I 


2.0 


th 
hold time 
0 
-7 
0 
0 
ns 
4.5 
Fig.8 
UP/DN to CP 
0 
-6 
0 
0 
6.0 


maximum 
clock 
pulse 
6.0 
17 
4.8 
4.0 
2.0 


fmax 
30 
52 
24 
20 
MHz 
4.5 
Fig.7 
frequency 
35 
62 
28 
24 
6.0 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chaptnr 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
standard 


ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent supply current (dICC) for a unit load of 1 is given in the family specifications. 
To determine dlCC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Dn _ 
0.75 


PL,CE 
1.00 
UP/DN 
1.00 
CP 
1.25 
MR 
1.50 
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AC CHARACTERISTICS 
FOR 74HCT 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
--40 to +85 
--40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation delay 
27 
50 
63 
I 


75 
I 


ns 
4.5 
Fig. 7 
tPLH 
CP to Qn 


propagation delay 
25 
42 
53 
63 
I 


ns 
4.5 
Fig. 10 
tpHL 
MR to Qn 


tPLH/ 
propagation delay 
28 


I 


53 
66 
80 
I ns 
4.5 
Fig. 9 
tpHL 
PL to Qn 
I 


tPHL/ 
propagation delay 
29 
58 
73 
87 
ns 
4.5 
Fig. 7 
tPLH 
CP to TC 


tPHL/ 
I 


propagation delay 
17 
31 
39 
47 
ns 
4.5 
I 


Fig. 8 
tPLH 
CE to TC 


I 
I 


I 


propagation 
delay 
31 
50 
63 
75 
ns 
4.5 
I 


Fig. 10 
tPLH 
MR to TC 


tPHL/ 
propagation delay 


1 
35 


1 
68 
85 
I 


102 
ns 
4.5 
I 


Fig. 10 


tpLH 
PL to TC 


tTHL/ 
output 
transition 
time 
7 


1 
15 
19 
22 
ns 


1 
45 
Fig.9 


tTLH 


tw 
pulse width CPoCE 
16 
9 
20 
24 
ns 
4.5 
Fig.7 
HIGH or LOW 


parallel load pulse width 
16 
6 
20 
24 
ns 
4.5 
Fig. 10 
tw 
HIGH 
, 


master 
reset pulse width 
20 
4 
25 
30 
ns 


1 
45 
Fig. 10 
tw 
HIGH 


removal 
time 
23 
13 


1 


29 
35 
ns 


1 
45 
I 


Fig. 10 
trem 
MR to CP 


removal 
time 
17 
10 
21 
26 
ns 


14.5 
Fig. 10 
trem 
PL to CP 


tsu 


set-up time 


1 
20 
12 
25 
30 
ns 


14.5 
Fig. 8 
UP/ON to CP 


tsu 


set-up time 
20 
6 
25 
30 
ns 
4.5 
Fig.8 
CE to CP 


tsu 
set-up time 
20 
6 
25 
30 
ns 
4.5 
Fig. 11 
On to PL 


hold time 
5 
0 
5 
5 
ns 
4.5 
Fig.8 
th 
Uto 
CP 


hold time 
5 
0 
5 
5 
ns 
4.5 
Fig. 11 
th 
On to PL 


hold time 
0 
-5 
0 
0 
ns 
4.5 
Fig.8 
th 
UP/ON to CP 


fmax 


maximum 
clock 
pulse 
30 
53 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 
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_ 
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Fig. 7 Waveforms showing the clock (CP) to output IOn) 
and terminal count (TC) propagation delays, the clock 
pulse width 
and the maximum 
clock 
pulse frequency. 


Fig.8 
Waveformsshowing the set-up and hold times from 
count enable ICE) and up/down (UP/ON) control inputs 
to the clock pulse ICP), the propagation delays from 
UP/ON, CE to TC. 


lZ969',.' 


Fig. 
10 
Waveforms 
showing 
the master 
reset pulse, 
master 


reset to terminal count and an delay and master reset to 
clock 
removal 
time. 


Note 
to AC waveforms 


(1) HC : VM = 50%; VI = GNO to VCC. 


HCT: VM = 1.3 V; VI = GND to 3 V. 


74HC/HCT4510 


MSI 
l 
_ 


J, J, J, J, 


ufO 
Pl 00 0, 
02 03 


J, J, J, J, 


UfO 
PL 00 
D, 
02 
03 
J, J, 
J, 
~ 


UfO 
PL 
DO 
01 
02 
03 


Note to Fig. 12 


Terminal 
count 
(TCl lines at the 2nd. 3rd. etc. stages may have a negative·going 
glitch pulse resulting 
from differential 
delays of 
different 
451 as. These negative-going 
glitches do not affect 
proper 
4510 operation. 
However, 
if the terminal 
count 
signals are used to 


trigger 
other 
edge sensitive 
logic devices, 
such as flip-flops 
or counters, 
the terminal 
count 
signals should 
be gated with 
the clock 
signal 


using a 2-input 
OR gate such as HC/HCT32. 


UP/ON 


parallel 


lood 


J, 
~ 
J, 
~ 


U/O 
PL DO 
D1 02 
03 
~ ~ ~ ~ 


UfO 
Pl 
00 
0, 
02 
D3 
~ 
~ J, J, 


U/O Pl 
DO 
0, 
02 
OJ 


Note to Fig. 13 


Ripple clocking 
mode: 
the UP/DN control 
can be changed 
at any count. 
The only restriction 
on changing 
the UP/DN control 
is that 


the clock 
input 
to the first counting 
stage must 
be HIGH. 
For cascading 
counters 
operating 
in a fixed 
up-count 
or down-count 
mode, 
the OR gates are not required 
between 
stages and TC is connected 
directly 
to the CP input of the next stage with CE grounded. 
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Notes to Fig. 14 


Count·up mode: illegal states in 
BCD counters 
corrected 
in one count. 


Count·down 
mode: 
illegal states 
in 


BCD counters 
corrected 
in one or 
two counts. 


Note to Fig. 15 


Usethe following formulae to calculate Ntotal: 


_ 
r i 
I 


Ntotal- 
1,(10 x Nil 
J + NO 


fin 
fout = Ntotal 


Formulae are only applicable if legal data is 
provided to the parallel inputs. 


parallel inputs 
count·up 
count-down 


03 
02 
01 
DO 
n 
n 


0 
0 
0 
0 
9 
. 


0 
0 
0 
1 
8 
1 


0 
0 
1 
0 
7 
2 


0 
0 
1 
1 
6 
3 


0 
1 
0 
0 
5 
4 


0 
1 
0 
1 
4 
5 
0 
1 
1 
0 
3 
6 


0 
1 
1 
1 
2 
7 
1 
0 
0 
0 
1 
8 


1 
0 
0 
1 
. 
9 
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• 
Latch 
storage 
of BCD inputs 
• 
Blanking 
input 
• 
Lamp 
test 
input 
• 
Driving 
common 
cathode 
LED 
displays 


• 
Guaranteed 
10 mA 
drive 
capability 
per output 


• 
Output 
capability: 
non-standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4511 
are high-speed 


si-gate 
CMOS devices and are pin 


compatible 
with "4511" 
of the 


"4000B" 
series_ They are specified 
in 


compliancewithJEDECstandard 
no_7A. 


The 74HC/HCT4511 
are BCD to 


7-segment 
latch/decoder/drivers 
with 


four address 
inputs 
(D 1 to D4). an active 


LOW latch enable input 
ILE). an active 
LOW ripple blanking 
input 
161). an active 
LOW lamp test input (IT). and seven 
active HIGH segment 
outputs 
(Qa to Qg)_ 


When CE is LOW, the state of the segment 
outputs 
IQa to Qgl is determined 
by the 


data 0~1 
to D4_ 
When LE goes HIGH, the last data present 
on D1 to D4 are stored 
in the latches and 


the segment 
outputs 
remain stable. 


When [f is LOW, all the segment 
outputs 
are HIGH independent 
of all other 
input 


conditions. 
With [f HIGH, a LOW on BT 


forces all segment 
outputs 
LOW. The 


inputs [f and Bi do not affect the latch 
circuit. 


APPLICATIONS 


• 
Driving 
LED displays 
• 
Driving 
incandescent 
displays 
• 
Driving 
fluorescent 
displays 
• 
Driving 
LCD displays 
• 
Driving 
gas discharge 
displays 


! SYMBOL 
TYPICAL 
PARAMETER 
CONDITIONS 


I 


UNIT 


i 
HC 
HCT 


1 
! 
propagation 
delay 


I 


I 


1 
Qn toQn 
CL=15pF 
24 
24 
ns 


I tPHL/ 
!:..Eto Qn 
23 
24 
ns 


tPLH 
BI to Qn 
VCC = 5 V 
19 
20 
ns 


I 
IT toQn 
I 12 
13 
ns 


1 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


power dissipation 
notes 
1 and 2 
64 
I 
64 
pF 
capacitance 
per latch 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in I'WI: 


PD = CPD x VCC' 
x fi + l: (CL x VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo = output 
frequency 
in MHz 
VCC 
= supply voltage in V 
l: ICL x VCC' 
x fol = sum of outputs 


2. 
For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-lead 
DI L; plastic 
(SOT38Z). 


16-lead 
mini-pack; 
plastic 
(S016; 
SOT109A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


3 
IT 
lamp test input 
lactive LOW) 


4 
BT 
ripple blanking 
input (active LOW) 


5 
LE 
latch enable input 
(active LOW) 


7,1,2,6 
D,to 
D4 
BCD address 
inputs 


8 
GND 
ground 
(0 V) 


13,12,11,10, 
Qa to Qg 
segments 
outputs 
9,15,14 


16 
VCC 
positive supply voltage 


BCO/7SEG 
C> 


0, 
a. 
13 
[TI 


Vl1{lT! 
0, 
ab 
12 
Gl0lBI! 
,10.11 
13 


OJ 
a, 
11 
bl0.11 
12 


0, 
a. 
10 
c. 
c1O.11 
11 


LT 
a. 
90,1 
eltO.l1 
10 


8i 
0, 
IS 
90.2 
el0.11 


90.4 
flO,11 
'S 
CE 
a, 


90.8 
1310,11 
,. 


7Z93693 


Fig. 2 
Logic symbol. 
Fig.3 
IEC logic symbol. 
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INPUTS 
OUTPUTS 
DISPLAY 
LE 
Bi 
IT 
D4 
D3 
D2 
Dl 
°a 
°b 
°c 
°d 
°e 
Of 
Og 


X 
X 
L 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
8 


X 
L 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
blank 


L 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
0 
L 
H 
H 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
1 
L 
H 
H 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
2 
L 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
3 


L 
H 
H 
L 
H 
L 
L 
L 
H 
H 
L 
L 
H 
H 
4 


L 
H 
H 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
H 
5 


L 
H 
H 
L 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
6 


L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
7 


L 
H 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
8 
L 
H 
H 
H 
L 
L 
H 
H 
H 
H 
L 
L 
H 
H 
9 
L 
H 
H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
blank 
L 
H 
H 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
blank 


L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
blank 


L 
H 
H 
H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
blank 
L 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
blank 
L 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
blank 


H 
H 
H 
X 
X 
X 
X 
. 
. 


• Depends upon the BCD-<:odeapplied during the LOW-to·HIGH 
transition of U. 


H = HIGH voltage level 
L = LOW voltage level 
X = don't 
care 


1038 
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For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard, 
excepling 
VOH 
which 
is given 
below 
ICC category: 
MSI 


Non-standard 
DC 
characteristics 
for 
74HC 


Voltages 
are referenced 
to GND 
(ground 
= 0 V) 


I 
I 


T amb 
1°C) 
TEST 
CONDITIONS 


i 


I 


74HC 
, 


SYMBOL 
PARAMETER 


1-40 
to +85 
1-40 
to +125 
UNIT 
VCC 
VI 
-10 


I 


+25 
V 
mA 


min. 
typo 
max. 
min. 
I 
max. 
I min. 
I max. 


i 
3.98 
3.84 


1 
3.70 I 
V 
45 
VIH 
or 
75 
VOH 
i 


HI G H level OUlput 
voltage 
3.60 
3.35 
3.10 
VIL 
10.0 


II 
5.60 
545 


1 


5. 
35 


1 


7.5 


VOH 
! 
HIGH 
level outpUl 
voltage 
548 
5.34 
5.20 
V 
6.0 
VIH 
or 
10.0 


4.80 
4.50 
4.20 
VIL 
15.0 


AC 
CHARACTERISTICS 
FOR 
74HC 


GND 
= 0 V; 'r = tf = 6 ns; CL = 50 pF 


i 
I 
propagation 
delay 


i 
On to Gn 


I 
I 
propagation 
delay 


, 
CE to Gn 


!i 
propagation 
delay 
BT to Gn 


! 
propagation 
delay 


I 
LT to Gn 


tTHL/ 
tTLH 


i 


i output transition time 


I latch enable pulse width 
I 
LOW 


I 


I 


I set-up ti~ 
On to LE 


I 


hold 
tim~ 


i 
On to LE 


typo 


1 


77 
28 
22 


max. 
I min. 
max. 


I 


375 
75 
64 


300 
II 
60 
51 


I 


I 


I 
I 


330 
II 


68 
58 
! 


275 I 


~~ 
I 


I j~O I 
! 33 i 


I 
~~ 
II 


16 


120 I 
24 
20 


190 


I ~~ 


o 
o 
o 


I 2.0 


I 


I 4.5 
6.0 


I 2.0 
I'. 
I 4.5 
I 6.0 
IH I 
IH I 


1 


2.0 
I 


4.5 


I 6.0 
! 


r I 
I 


14 i 
5 
4 


-11 
-4 
-3 
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DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapter 
"HeMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard, excepting VOH which is given belaw 
ICC categary: MSI 


Nan-standard 
DC characteristics 
far 74HCT 


Valtages are referenced ta GND (graund = 0 VI 


I 
I 
I".,oc. 


I 
! 


I 


The 
value of additional 
quiescent 
supply 
current 
(Ll1ec) 
for 
a unit 
load of 1 is given in the family 
specifications. 
To determine 
.6.ICC per input, 
multiplv 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


[T,LE 
1.50 
BT, On 
030 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf 
= 6 ns; CL = 50 pF 


I 


i 
Tamb (OC) 
TEST CONDITIONS 


I 
I 
! 
I 
74HCT 


SYMBOL 
PARAMETER 


i 


i 
UNIT 
VCC I WAVEFORMS 


+25 
-40 ta +85 
-40ta+125 
i 
V 
' 


I 
I 
I 


min. 
tYP'1 max, 
min. 
max. 
min. 
max. 
I 
!, 


I tpHLI 
prapagatian delay 


I 


, 


I 


! 


28 
60 
75 
I 
90 
ns 
14.5 
I Fig. 8 
tPLH 
On ta Qn 
1! 
I 


I tPHLI 


I 


I 
I 
I 
I 
pr:2Pagatian delay 
27 
54 
I 68 
I 
81 


I 


j45 
I Fig. 9 
I 
ns 
I 
I tpLH 


1 
LE ta Qn 
i 
! 
I 
! 


I tPHLI 
I 
I 
! 


I 
, 


p~agation 
delay 
I 
! 23 i 44 
55 
66 
ns 
I 4.5 
! Fig. 10 
, tPLH 
81 ta Qn 


1 
I 


I 


16 130 
i 
I 


I 


1 
45 


I 
I tPHLI 
pr:2Pagatian delay 
I 


I 


I 
38 
45 
ns 
Fig.8 
tpLH 
LT ta Qn 
! 
I 


I tTHLI 
I 
I 


I 
I 


I 


I 


I 


: output 
transition 
time 


i 


7 
15 
19 


I 


22 
ns 
I 4.5 
Figs8, 9 and 10 
I tTLH 
I 


I 
I 
I 


I 
I 


I 


I 
tw 
latch enable pulse width 
16 
5 


I 


20 
24 
I 4.5 
Fig. 9 
LOW 
ns 
I 
I 
I 


I 
I 


I 


j 
I 
: set-up time 
I 


I 
I tsu 
i 
On to LE 
12 
5 
15 
18 


I 


ns 
I 4.5 
Fig. 11 


I 
I 
I 


I th 
I hald tim~ 
0 
-4 
0 
0 
ns 
4.5 
I Fig. 11 
On ta LE 


74HC/HCT4511 


MSI 
l 
_ 


E.l9..8 
Waveforms 
showing 
the input 
(On, 
LT) to output 
(On) propagation 
delays and 
the output 
transition 
times. 


Fig.9 
Waveforms 
showing 
the input 
(LE) 


to output 
(On) propagation 
delays and the 
latch enable pulse width. 


,....&----e=- 


a 
o 


aUTPUT~J 
vv.~.II"" 
1_'PLH_lf-- 


""''' 
'THLJ);----JL 
'TLH 


Fig. 10 
Waveforms 
showing 
the input (Bi) 
to output 
(On) 
propagation 
delays. 


Note to AC waveforms 


(11 HC 
: VM = 50%; VI = GNo to VCC' 


HCT: VM = 1.3 V; VI = GNo to 3 V. 


Note to Fig. 11 


The shaded areas indicate when the input is 
permitted 
to change for predictable 
output 
performance. 
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cil1node 
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,J" 


(1) A filament 
pre-warm 
resistor 
to reduce 


thermal 
shock 
and to increase effective 
cold 


resistance 
of the filament 
is recommended. 


Fig. 17 Connection 
to LCD display readout. 
(Direct 
DC drive 
is not 
recommended 
as it 
can shorten the life of LCD displavs). 


____ 
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• 
Non-inverting 
outputs 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4514 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with "4514" 
of the 
"4000B" 
series. They are specified 
in 


compliance 
with JEOEC 
standard 
no. 7A. 


The 74HC/HCT4514 
are 4-to-16 
line 
decoders/demultiplexers 
having four 


binary 
weighted 
address 
inputs 
(AO to A3), 
with latches, a latch enable input 
(LEI. 


and an active 
LOW enable input 
(E). The 
16 outputs 
(00 to 015) 
are mutually 
exclusive 
active HIGH. When LE is HIGH, 
the selected 
output 
is determined 
by the 
data on An. When LE goes LOW, the last 
data present at An are stored in the latches 
and the outputs 
remain 
stable. 
When ·E is 
LOW, the selected 
output, 
determined 
by 
the contents 
of the latch, is HIGH. At E 
HIGH, all outputs 
are LOW. The enable 
input 
(]O)does not affect 
the state of the 
latch. 


When the" 
4514" 
is used as a 
demultiplexer, 
E is the data input 
and 
AO to A3 are the address 
inputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tpHL/ 
propagation 
delay 
CL = 15 pF 
23 
26 
ns 


tpLH 
An to On 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
44 
45 
pF 
capacitance 
per package 


GNO = 0 V; Tamb = 25°C; 
tr = tf = 6 ns 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in I'W): 


Po = CPO x VCC' 
x fi + ~ ICL x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply voltage in V 
:E ICL x VCC' 
x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


24-lead 
OIL; 
plastic 
(50T101A). 


24-lead 
mini-pack; 
plastic 
(5024; 
50T137 
Al- 


PIN DESCRIPTION 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
LE 
latch enable input 
(active HIGH) 


2,3,21,22 
AO to A3 
address inputs 


11,9,10,8, 
7,6,5,4, 
00 to 015 
multiplexer 
outputs 
(active HIGH) 
18,17,20,19, 
14,13,16,15 


12 
GNO 
ground 
(0 V) 


23 
E 
enable input 
(active LOW) 


24 
VCC 
positive supply voltage 


vcc 
ox 
XIV 


aD 
• 
a, 
10 
'0 


A, 
a, 
'0 


LE 
a, 
a 
c, 
c. 
a, 
, 
, 
, 


AD 
as 
JO.G* 


90.1 
, 
, 


A, 
a. 
90.2 


21 
21 


21 
A, 
a, 
90,4 


22 
I. 
22 
90.8 
I. 


22 
A, 
a. 
I. 
17 
17 


a. 
11 
• 
23 
'0 
a,o 
23 
'0 
'0 
EN 
'0 
23 
'0 
" 
" ,. 
" 
a" 
,. 


a" 
" 
" " 
a" 
" " 
" 
a, 
" 
I. 


a" 
I. 
" 
,. 
15 


a15 
15 
15 
15 
15 


7Z9JS96 


(al 
(b) 


Fig. 1 Pin configuration. 
Fig. 2 
Logic symbol. 
Fig. 3 
IEC logic symbol. 
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• 
Digital 
multiplexing 


• 
Address decoding 


• 
Hexadecimal/BCD 
decoding 


INPUTS 
OUTPUTS 


E 
AO 
A1 
A2 
A3 
QO 
Q1 
Q2 
Q3 
Q4 
QS 
QS 
Q7 
QS 
Qg 
Q10 Q11 Q12 Q13 Q14 Q1S 


H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
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L 
H 
L 
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L 
H 
L 
L 
L 
L 
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L 
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L 
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L 
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H 
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L 
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L 
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L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
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L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
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L 


L 
H 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
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L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


LE = HIGH 
H 
= HIGH voltage level 


L 
= LOW voltage level 
X 
=don'tcare 
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DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V;tr=tf= 
6 ns;CL = 50 of 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
74 
230 
290 
345 
2.0 
27 
46 
58 
69 
ns 
4.5 
Fig.6 
tpLH 
An to On 
22 
39 
49 
59 
6.0 


tPHLI 
I propagation delay 


I 


74 
230 
290 
345 
2.0 


27 
46 
58 
69 
ns 
4.5 
Fig. 6 
tPLH 
LE to On 
22 
39 
49 
59 
6.0 


tPHLI 
propagation 
delay 
41 


1 


175 
220 


I 


265 
2.0 


15 
35 
44 
53 
ns 
4.5 
Fig.6 
tPLH 
Eto On 
12 
30 
37 
45 
6.0 


tTHLI 


19 
75 
95 


I 


110 


I 


2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


latch enable pulse width 
80 
14 
100 
120 
2.0 


tw 
16 
5 
20 
24 
ns 
4.5 
Fig.7 
HIGH 
14 
4 
17 
20 
6.0 


set-up time 
90 
25 
115 


1 


135 
2.0 


tsu 
18 
9 
23 
27 
ns 
4.5 
Fig. 7 
An to LE 
15 
7 
20 
23 
6.0 


hold time 
1 
-11 
1 
1 
2.0 


th 
An to LE 
1 
-4 
1 
1 
ns 
4.5 
Fig. 7 


1 
-3 
1 
1 
6.0 


( 


74HC/HCT4514 


MSI 


DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


An 
0.65 


LE 
1.40 


E 
1.00 


AC CHARACTERISTICS 
FOR 74HiCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
I 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
30 
55 
69 
83 
I ns 
4.5 
Fig. 6 
tpLH 
An to Qn 
I 


tPHLI 
propagation 
delay 
29 
50 
63 
75 
ns 
4.5 
Fig. 6 
tpLH 
LE to Qn 


tPHLI 
propagation delay 
17 
40 
50 
60 
ns 
4.5 
Fig. 6 
tPLH 
EtoOn 


tTHLI 
output 
transition 
time 
7 
15 
I 


19 
I 


22 
I ns 
4.5 
I Fig. 6 
tTLH 
I 


tw 
latch enable pulse width 
16 
4 
I 


20 
24 
ns 
4.5 
Fig. 7 
HIGH 


tsu 
set·up time 
18 
9 
23 
I 27 
ns 
4.5 
I Fig. 7 
An to LE 
I 
, 


th 
hold time 
3 
-3 
3 
3 
4.5 
Fig. 7 
An to LE 
ns 
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:~~::"' 
J:~_"_'__~__ 
'P_LH_t" 


Fig. 6 
Waveforms 
showing 
the input 
IAn, 
LE, E) to output 


(On) 
propagation 
delays and the output 
transition 
times. 


Fig. 7 
Waveforms 
showing 
the minimum 
pulse width 
of the 


latch enable 
input 
(LE) 
and the set-up and hold 
times 
for 


LE to An- Set-up 
and hold times 
are shown 
as positive 
values 
but may be specified as negative values. 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3V; VI =GND 
to 3V. 


Note to Fig. 7 


The shaded areas indicate 
when 
the input 
is permitted 
to 


change for predictable 
output 
performance. 
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• 
Inverting 
outputs 


• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4515 are high-speed 
51-gateCMOSdevicesand are pin 
compatible with "4515" 
of the 


"4000B" 
series.They are specified in 


compliance with JEoEC standard no. 7A. 


The 74HC/HCT4515 are 4-to-16 line 
decoders/demultiplexers 
having 
four 
binary weighted addressinputs (AOto A3) 
with latches, a latch enable input (LEl, 
and an active LOW enable input (El. The 
16 inverting outputs (GOto (15) 
are 
mutually exclusive active LOW. When I_E 
is HIGH, the selected output is determined 
by the data on An. When LE goes LOW, 
the last data present at An are stored ir 
the latches and the outputs remain stable. 
When E is LOW, the selected output, 
determined 
by the contents 
of the latch, 


is LOW. When t is HIGH, all outputs are 
HIGH. The enable input IE) does not 
affect the state of the latch. 


When the "4515" 
is usedasa 
demultiplexer. 
E is the data 
input 
and 
AO to A3 are the addressinputs. 


I SYMBOL 


TYPICAL 


PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tpH L/ 
propagation delay 
CL = 15 pF 
25 
26 
ns 
tPLH 
An to On 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
44 
46 
pF 
capacitance 
per package 


GNo = 0 V; Tamb = 25°C;tr 
= tf=6ns 


Notes 
1. CPO is used to determine the dynamic power dissipation (PO in IlW): 


Po = CpO x VCC' x fi + ~ (CL x VCC' x fol where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 


1: ICL X VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


24-lead D IL; plastic (5oT1 01A). 
24-lead mini-pack; 
plastic (5024; 
5oT137 A). 


PIN DESCRIPTION 


PIN NO. 
I SYMBOL 
NAME AND FUNCTION 


1 
LE 
latch enable input (active HIGH) 


2,3,21,22 
AO to A3 
address inputs 


11,9,10,8, 
7,6,5,4, 
00 to 015 
multiplexer outputs (active LOW) 
18,17,20,19, 
14,13,16,15 


12 
GNO 
ground (0 VI 


23 
E 
enable input (active LOW) 


24 
VCC 
positive supply voltage 


vcc 
ox 
XlY 
°00-'1 
0, 0-9 
A, 
Q20-10 


LE 
Q30-8 
c. 
C9 
A, 
040-7 
AD 
as 0-6 


JDG* 


, 
90.1 


A, 
°60-5 
, 


90,2 


A, 
°70-4 
21 
21 
90.4 
21 
A, 
as 0-18 
22 
22 
90.8 
22 
°90-17 
23 
23 
23-0 
E 
0'00-20 
EN 


a" 
19 


a" 
0, 
a" 


" 
012 


a14 
16 


al5 
15 
an 
lZ93938,1 


7293895 
1.1 
Ibl 


Fig. 1 Pin configuration. 
Fig. 2 Logic symbol. 
Fig. 3 IEC logic symbol. 
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• 
Digital 
mutliplexing 
• 
Address decoding 
• 
Hexadecimal/BCD 
decoding 


INPUTS 
OUTPUTS 


E 
AO 
A1 
A2 
A3 
°0 °1 °2 
°3 
°4 
°5 
°6 
°7 
°8 
°9 
°10 °11 °12 013 °14 015 


H 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
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L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
H 
L 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
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H 
H 
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L 
L 
H 
L 
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H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
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L 
H 
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L 
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H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
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L 
L 
L 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
H 
L 
H 
L 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 


L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 


L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 


L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 


L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


LE=HIGH 
H = HIGH voltage level 
L 
= LOW voltage level 


X 
= don't care 
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DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 


ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
80 
250 
315 
375 
2.0 


I Fig. 6 
29 
50 
63 
75 
ns 
4.5 
tpLH 
An to an 
23 
43 
54 
64 
6.0 


tPH LI 
I propaga!!on delay 
66 
225 


1 


280 
340 


I 


2.0 
24 
45 
56 
68 
ns 
4.5 
Fig. 6 
tPLH 
LE to Qn 
19 
38 
48 
58 
6.0 


tPHLI 
p~pa~tion 
delay 
50 


1 


175 


1 


220 


I 


265 


I ns 


2.0 


I Fig. 6 
18 
35 
44 
53 
4.5 


tPLH 
E to Qn 
14 
30 
37 
45 
6.0 


tTHL/ 
19 
75 


I 
1 


95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 
tTLH 
6 
13 
16 
19 
6.0 


latch enable p',lse width 
75 
14 
95 


1 


110 
2.0 


tw 
HIGH 
15 
5 
19 
22 
ns 
4.5 
Fig. 7 
13 
4 
16 
19 
6.0 


set-up time 
90 
28 
115 
135 
2.0 


I Fig. 7 
tsu 
An to LE 
18 
10 
23 
27 
ns 
4.5 
15 
8 
20 
23 
6.0 


hold time 
0 
-11 
0 
0 
2.0 


th 
An to LE 
0 
-4 
0 
0 
ns 
4.5 
Fig.7 


0 
-3 
0 
0 
6.0 
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DC CHARACTERISTICS 
FOR 
74HCT 


For the 
DC characteristics 
see chaptar 
"HCMOS 
family 
characteristics". 
section" 
Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MS I 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(Ll1CC) for a unit 
load of 1 is given in the family 
specifications. 


To determine 
/lICC per input, 
multiply 
this value by the unit load coefficient 
shown in the table below. 


AC CHARACTERISTICS 
FOR 
74HCT 


GNO = 0 V;tr 
=tf~ 
6 ns;CL 
= 50 pI' 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max'l 


tPHLI 
propagation 
delay 
30 
55 


1 
69 
I 


83 
ns 
4.5 


I 


Fig. 6 
tPLH 
An to an 


tPHLI 
propagation 
delay 
29 
50 
63 
75 
ns 
4.5 
Fig. 6 
tPLH 
LE to an 


tPHLI 


1 


propagation 
delay 


I 


18 
40 


1 
50 
60 
ns 
4.5 
Fig.6 
tPLH 
Eto 
an 


tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 6 


tTLH 


latch enable 
pulse width 
3 
20 
I 
24 
4.5 
Fig. 7 
tw 
HIGH 
16 
I 


ns 


tsu 
set-up time 
18 
9 
23 
27 
ns 
4.5 
Fig. 7 
An to LE 


hold time 
3 
-2 
3 
3 
ns 
4.5 
Fig. 7 
th 
An to LE 


Fig. 6 Waveforms 
showing 
the input 
(An, 
LE, EI to output 


(On) 
propagation 
delays 
and the output 
transition 
times. 


Note to AC waveforms 


11) HC 
VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


Fig. 7 
Waveforms 
showing 
the minimum 
pulse width 
of the 
latch enable input 
(LEI 
and the set-up and hold 
times for 
LE to An. Set-up 
and hold 
times are shown 
as positive 
values 


but 
may 
be specified 
as negative 
values. 


Note to Fig. 7 


The 
shaded 
areas 
indicate 
when 
the 
input 
is permitted 
to 
change for predictable 
output 
performance. 


_____ 
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• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT4516 are high·speed 
si·gate CMOSdevicesand arepin 
compatible with the "4516" of the 
"4000B" series.They are specified in 
compliance with JEOEC standardno. 7A. 


The 74HC/HCT4516 are edge·triggered 
synchronous up/down 4·bit binary 
counters with a clock input (CP),an 
up/down count control input (UP/ON), 
an active LOW count enableinput (CEl 
an asynchronous active HIGH parallel load 
input (PL), four parallel inputs (00 to 03), 
four parallel outputs (QOto Q3), an active 
LOW terminal count output (TC), and an 
overriding 
asynchronous 
master reset 


input (MRI. 


Information on 00 to 03 is loaded into 
the counter while PL is HIGH, independent 
of all other 
input 
conditions 
except 
the 


MR input, which must be LOW.When PL 
and CE are LOW, the counter changes 
on the LOW·to·HIGH transition of CPo 
UPIDN determines the direction of the 
count, HIGH for counting up, LOW for 
counting 
down. 
When 
counting 
UP. re is 
LOW when QOto Q3 are HIGH and CE is 
LOW. Whencounting down, TC is LOW 
when QOto Q3 and IT are LOW. A HIGH 
on MR resetsthe counter (QOto Q3 = 
= LOW) independent of all other input 
conditions. 


Logic equation 
for terminal 
count: 


TC = CE. 
: (UP/ON) . QO' Q1 . Q2 . 03 + 


+ (UP/ON) . 00 . 01 .02, 
(13) 


74HC/HCT4516 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONOITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation delay 
CL=15pF 
tPLH 
CP10Qn 
19 
19 
ns 


maximum 
clock 
frequency 
VCC = 5 V 
45 
57 
MHz 
fmax 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
59 
61 
pF 
capacitance per package 


GNO = 0 V; Tamb = 25°C; tr = tf = 6 ns 


Notes 


1. CPO is usedto determine the dynamic power diSSipation(PO in /-lW): 


Po = CPO x VCC' x fi + ~ (CL x VCC' x fo) where: 
fi 
= input frequency in MHz 
CL 
output load capacitance in pF 
fo 
= output frequency in MHz 
VCC 
= supply voltage in V 
1: (CL x VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 
For HCT the condition is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16·lead 0 IL; plastic (S0T38Z). 
16·lead mini·pack; 
plastic (S016; SOT109A). 


PIN DESCRIPTION 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
PL 
parallel load input (active HIGH) 


4,12,13,3 
00 to 03 
parallel inputs 


5 
CE 
count enable input (active LOW) 


6,11,14,2 
QOto Q3 
parallel outputs 


7 
TC 
terminal count output (active LOW) 


8 
GNO 
ground (0 V) 


9 
MR 
asynchronous 
master 
reset input 
(active 
HIGH) 


10 
UP/ON 
up/down 
control 
input 


15 
CP 
clock input (LOW·to·HIGH, edge·triggered) 


16 
VCC 
positive supply voltage 


CTR4 


1,2-1-/1.2- 
M' 
01 


CJ 


l,2CT-15 
d'CT-o 


lZ96917 


74HC!HCT4516 


MSI 
l 
_ 


MR 
PL 
UP/i5i\i 
CE 
CP 
MODE 


L 
H 
X 
X 
X 
parallel 
load 
L 
L 
X 
H 
X 
no change 
L 
L 
L 
L 
t 
count 
down 
L 
L 
H 
L 
t 
count 
up 
H 
X 
X 
X 
X 
reset 


H = HIGH 
voltage 
level 


L = LOW 
voltage 
level 


X = dont't 
care 


t = LOW-to-HIGH 
clock 
transition 


1jU-L' 
i 
I 


i 
i 


I 
r 


I 


i v 
cc 


~-----~--~~-~-----'--'--'-~----'----'---GND 
i 


I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 


I 
i 
I! 
! 
I 


I 
, 
, 


I 
i 
I 
I 


rhl 
, 
, 


I 


I 


I 


I 


_~_~~~~~i 
-'-'~' 
I 
' 
i 


I 


- 
lJTLIL. 


3 
2 I , 
I 
0 I 
0 i 15 10 


1060 
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~~ 


cp~CL 
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U/O 
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For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


I 
+25 
--40 to +85 
--40 to +125 
V 


I 
min. 
typo 
max. 
min. 
max. 
I min. 
max·l 


tPHLI 
propagation delay 
72 


1 


220 
275 
330 
2.0 


I Fig. 
26 
44 
55 
66 
ns 
4.5 
7 
tpLH 
CP to Qn 
21 
37 
47 
56 
6.0 
I 


69 
210 
265 
315 
2.0 


tpHL 


1 propagation delay 
25 
42 
53 
63 
ns 
4.5 
Fig. 10 
MR to Qn 
20 
36 
45 
54 
6.0 


tPLHI 
83 
250 
315 


I 


375 
2.0 
propagation 
delay 
30 
50 
63 
75 
ns 
4.5 
Fig. 9 


tPHL 
PL to Qn 
24 
43 
54 
64 
6.0 


74 
260 


1 


325 


I 


395 


I 


2.0 
I 


tpHLI 
propagation delay 
27 
52 
65 


1 
78 
ns 
4.5 
I Fig. 7 
tPLH 
CP to TC 
22 
44 
55 
66 
6.0 


tPHLI 
I propagation delay 
36 


1 


125 


I 
1 


155 


I 
I 


190 


I ns 
1 
2 
. 
0 


I Fig. 8 
13 
25 
31 
38 
4.5 
tPLH 
CE to TC 
10 
21 
26 
32 
6.0 


1 
69 


1 


235 


1 


295 
I 355 


I ns 


2.0 
tPLH 
I propagation delay 


1 
25 
47 
59 


I 


71 
4.5 
Fig. 10 
MR to TC 
,20 
40 
50 
60 
6.0 


1 
91 
300 
375 


I 


450 
2.0 
I 


tPLHI 
propagation 
delay 
33 
60 
75 
90 
ns 
4.5 
Fig.9 


I 
tpHL 
PL to TC 
26 
51 
64 


177 
6.0 


tTLHI 
19 
75 
95 


1 


110 
2.0 


1 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 9 
tTHL 
6 
13 
16 
I 19 
6.0 


clock pulse width CP. CE 


1 


80 
25 
100 
120 I 
1 
2 


. 
0 


I Fig 
tw 
16 
9 
20 
24 
ns 
4.5 
7 
HIGH or LOW 
14 
7 
17 
20 
I 
6.0 


1 parallel load pulse width 
80 
28 
100 
120 


I 


2.0 


I Fig. 10 
tw 
HIGH 
16 
10 
20 
24 
ns 
4.5 
14 
8 
17 
20 
I 
6.0 


master 
rest pulse wid:h 
80 
19 
100 
120 
2.0 


I Fig. 
tw 
16 
7 
20 
24 
ns 
4.5 
10 
HIGH 
14 
6 
17 
20 
6.0 


removal 
time 
80 
28 
100 
120 
2.0 


trem 
MR to CP 
16 
10 
20 
24 
ns 
45 
Fig. 10 


14 
8 
17 
20 
6.0 


removal 
time 
80 
25 
100 
120 
2.0 
trem 
PL to CP 
16 
9 
20 
24 
ns 
4.5 
Fig. 10 
14 
7 
17 
20 
6.0 


M,,'h1988! ( 
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Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I set·up...!£me 
100 
30 


I 


125 


1 


150 


1 
2 


. 
0 


tsu 
20 
11 
25 
30 
ns 
4.5 
Fig.8 
UP/DN to CP 


17 
9 
21 
26 
6.0 


set-up time 
100 
19 


I 


125 
150 


I 
1 


20 


tsu 
20 
7 
25 
30 
ns 
4.5 
Fig.8 
CE to CP 
17 
6 
21 
26 
6.0 


set-up time 
100 
17 
125 
150 
2.0 
tsu 
20 
6 
25 
30 
ns 
4.5 
Fig. 11 
Dn to PL 
17 
5 
21 
26 
6.0 


hold time 
5 
a 
5 
5 
2.0 


I Fig.8 
th 
CE to CP 
5 
a 
5 
5 
ns 
4.5 
5 
a 
5 
5 
6.0 


hold time 
3 
-6 
3 
3 


I 
Ins 


2.0 


th 
Dn to PL 
3 
-2 
3 
3 
4.5 
Fig. 11 
3 
-2 
3 
3 
60 


hold time 
a 
-19 
a 
a 


I ns 


2.0 I Fig 
th 
UP/DN to CP 
a 
-7 
a 
a 
4.5 
8 


a 
-6 
a 
a 
6.0 


maximum 
clock 
pulse 
6.0 
16 
4.8 
4.0 
2.0 


fmax 
30 
49 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 


35 
58 
28 
24 
6.0 


For the DC characteristics seechapter "HCMOS family characteristics", 
section "Family 
specifications". 


Output capability: 
standard 


ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (/lICCI 
for a unit load of 1 is given in the family specifications. 


To determine /lICC per input, multiplv 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Dn _ 
0.75 


PL,CE 
1.00 
UP/DN 
1.00 
CP 
1.25 


MR 
1.50 


74HC!HCT4516 
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AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


14.5 
I Fig. 7 
I tPHLI 
propagation delay 
28 
50 
63 
75 
ns 
tPLH 
CP to On 


tPHL 
propagation delay 


1 
24 
42 
53 
63 
ns 
4.5 
Fig. 10 
MR to On 


tPLHI 
propagation delay 
32 
53 
66 
80 
ns 
4.5 
Fig.9 
tpHL 
PL to On 


I tpHLI 
propagation delay 
29 
58 
73 
87 
ns 
4.5 
Fig.7 
tPLH 
CP to iC 


tPHLI 
propagation delay 
18 
31 
39 


I 


47 
ns 


14.5 
Fig.8 
tPLH 
IT to iC 


propagation delay 
31 


I 


50 
I 


63 
75 
I ns 
4.5 
Fig. 10 
tPLH 
MR to iC 


tPLHI 
propagation delay 
34 
68 


I 


85 
102 
ns 
4.5 
Fig. 9 


tpHL 
PL to TC 


tTLHI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.9 
tTHL 


tw 
clock pulse width 
CP, CE 
16 
9 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LOW 


tw 
parallel load pulse width 
16 
8 
20 


1 
24 
ns 
4.5 
Fig. 10 
HIGH 


tw 
master 
rest pu Ise width 
20 
5 
25 
30 
ns 
4.5 
I 


Fig. 10 
HIGH 


trem 
removal 
time 
23 
14 
29 
35 
ns 
4.5 
Fig. 10 
MR to CP 


trem 


removal 
time 
17 
10 
21 
26 
ns 
4.5 
Fig. 10 
PL to CP 


tsu 
set-up time 
20 
11 
25 
30 
ns 
4.5 
Fig. 8 
UP/DN to CP 


tsu 
set-up time 
20 
9 
25 


1 
30 
ns 
4.5 
Fig.8 
CE to CP 


tsu 


set-up time 
20 
9 
25 
30 
ns 
4.5 
Fig. 11 
Dn to PL 


th 
hold time 
10 
9 
13 
15 
ns 
4.5 
Fig.8 
CE to CP 


hold time 
5 
-6 
5 
5 
ns 
4.5 
Fig. 11 
th 
Dn to PL 


I hold time 
0 
-5 
0 
0 
ns 
4.5 
Fig. 8 
th 
UPIDN to CP 


fmax 


maximum 
clock 
pulse 
30 
52 
24 
20 
MHz 
4.5 
Fig. 7 
frequency 


______ 
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r-I/,m"-:r=- 
VM1ll 


_tw_ 


- 
tPHL 
- 
- 
tpLH 
-, 


VM'" 
r 


Fig.7 
Waveforms 
showing 
the clock 
ICPI to output 
(Qnl 


and terminal 
count 
(TC) 
propagiltion 
delays, 
the clock 


pulse width 
and the maximum 
clock 
pulse frequency. 


Fig. 9 Waveforms 
showing 
the preset enable 
pulse width, 


preset enable 
to output 
delays 
and output 
transition 
times. 


74HC/HCT4516 


MSI 


Fig. 8 Waveforms 
showing 
the set·up and hold 
times 
form 
count 
enable ICE) and up/down 
IUP/ON) 
control 
inputs 


to the clock 
pulse (CPI. the propagation 
delays from 


UP/ON, 
CE to TC. 


Fig. 
10 
Waveforms 
showing 
the master 
reset pulse, 
master 
reset to terminal count and On delay and master reset to 
clock 
removal 
time. 


Note to AC waveforms 


III 
HC 
VM 
= 50%; 
VI 
= GNO 
to VCC. 


HCT: 
VM= 
l.3V;VI 
=GNDt03V. 
'I(J"'V 
1987 
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_ 


j. 
j. j. j. 


UfO Pl 
00 
a, 
02 
03 


j. j. 
j. j. 


UfO 
PL 
00 a, 
02 
D) 


Note to Fig. 12 
Terminal 
count 
(TCI lines at the 2nd 3rd etc. Stages may have a negative·going 
glitch pulse resulting from differential 
delays of 
different 
45165. 
These 
negative-going 
glitches 
do not affect 
proper 
4516 
operation. 
However, 
if the terminal 
count 
signals are used to 
trigger 
other 
edge-sensitive 
logic devices, 
such as flip-flops 
or counters, 
the terminal 
count 
signals should 
be gated with 
the clock 
signal 
using a 2·input 
OR gate such as HC/HCT32. 


UP/ON 


parallel 


I~d 


j. j. j. 
j. 


UfO PL 00 
D, 
02 
03 
j. 
j. j. j. 


UfO 
PL DO 
0, 
02 
DJ 


j. j. j. 
j. 


UfO 
PL 
DO 
0T 
02 
D3 


Note to Fig. 13 


Ripple clocking 
mode: 
the UP/ON control 
can be changed 
at any count 
The only restrictIon 
on changing the UP/ON control 
IS that 
the clock 
input 
to the first countinq 
stage must be "HIGH". 
For cascading 
counters 
operating 
in a fixed 
up-count 
or down-count 
mode, 
the OR gates are not required 
between 
stages and TC is connected 
directly 
to the CP input of the next stage with CE grounded. 


J"'y 19871 ( 
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Note to Fig. 15 


Use the following 
formulae 
to calculate 


Ntotal: 


Ii 
I 
Ntotal 
= 
I f (16 x Nil 
J + NO 


I 
parallel 
inputs 
I: 
count·down 
count-up 


~n 
n 


I 
. 
0 


I 


0 
0 
0 
15 


0 
0 
0 
1 
14 
1 


0 
0 
1 
0 
13 
2 
0 
I 
0 
1 
1 
12 
3 


0 
i 
1 
0 
0 
11 
4 


0 
I 
1 
0 
1 
10 
5 
0 
I 
1 
1 
0 
9 
6 
0 
1 
1 
1 
8 
7 
1 
0 
0 
0 
7 
8 
1 
0 
0 
1 
6 
9 


1 
0 
1 
0 
5 
10 


1 
0 
1 
1 
4 
11 


1 
1 
0 
0 
3 
12 
1 
1 
0 
1 
2 
13 
1 
1 
1 
0 
1 
14 


1 
1 
1 
1 
. 
15 
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• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


The 74HC/HCT4518 are high-speed 
Si-gate CMOS devicesand are pin 
compatible with the "4518" of the 
"4000B" 
series.They arespecified in 
compliance with JEoEC standard no. 7A_ 


The 74HC/HCT4518 are dual4-bit 
internally 
synchronous 
BCD counters 
with an active HIGH clock input (nC'01 
and an active LOW clock input (nCP,), 
buffered outputs from all four bit 
positions InOOto n03) and an active 
HI G H overriding 
asynchronous 
master 


reset input (nMRI. 


The counter 
advances 
on either the LOW- 
to-HIGH transition of nCPOif nCP1 is 
HIGH or the HIGH-to-LOW transition of 
n~l 
if nCPOis LOW. Either nCPOor 
nCP, 
may be used as the clock input to 
the counter 
and the other 
clock 
input 
may 
be used as a clock 
enable 
input. 


A HIGH on nMR resetsthe counter 
(nOOto n03-'; LOW) independent of 
nCPOand nCP1. 


• 
Multistage synchronous countin!! 
• 
Multistage asynchronous counting 


• 
Frequency dividers 


propagation delay 


nCPO,nCP1to nOn 


propagation delay 
nMR to nOn 
CL = 15pF 
VCC = 5 V 


maximum 
clock 
frequency 
1 


input capacitance 


74HC/HCT4518 


MSI 


GNo = 0 V; Tamb = 25°C; tr = tf = 6 ns 


Notes 


1. CPO is usedto determine the dynamic power dissipation (PD in IlW): 


Po = CPOx VCC' x fi + ~ (CL x VCC' x fa) where: 


fj 
= 
input frequency 
in MHz 
CL 
output 
load capacitance in pF 
fa = output frequency in MHz 
VCC 
supply voltage in V 


:E ICL x VCC' x fa) = sum of outputs 


2. For HC 
the condition is VI = GNo to VCC 
For HCT the condition is VI = GNo to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-lead D IL; plastic (SOT38Z)_ 
16-lead mini-pack; 
plastic IS016; SOT109A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,9 
1CPO,2CPO 
clock inputs (LOW-to-HIGH, edge-triggered) 


2,10 
1CP1,2CP1 
clock inputs (HIGH-to-LOW, edge-triggered) 


3,4,5,6 
100 to 103 
data outputs 


7,15 
1MR,2MR 
asynchronous 
master 
reset inputs 
(active HIGH) 


8 
GNo 
ground (0 V) 


11,12,13,14 
200 to 203 
data outputs 


16 
VCC 
positive supply voltage 


2MR 


'.9 
ao 
J,!l 
cPo 


2. 10 ~ 
CP, 
a, 
4,12 


a2 
5,13 


1,15 
MR 
a, 
6.14 


1 


0 
' 


CT , 


~'. 
1 


0 
II 
12 


CTaO 
CT 
13, 


74HC/HCT4518 
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2°011 


2°,12 


2°213 


2°314 


nCPo 
nCP, 
MR 
MODE 


t 
H 
L 
counter advances 


L 
j, 
L 
counter advances 
j, 
X 
L 
no change 


X 
t 
L 
no change 


t 
L 
L 
no change 
I 


H 
j, 
L 
no change 


X 
X 
H 
00 
to 03 = LOW 


H = HIGH 
voltage 
level 


L = LOW 
voltage 
level 


X = don't 
care 


t = LOW-to-HIGH 
clock 
transition 


J. = HIGH-to-LOW 
clock 
transition 


______ 
D_u_a_I_S_Y_n_C_h_ro_n_o_u_s_B_C_D_c_o_u_n,t_e_r 
~J 


74HC/HCT4518 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
I min. 
max. 


tPHLI 
propagati2!:'. delay 
66 
210 
265 
315 


I 


2,0 
24 
42 
53 
63 
ns 
4,5 
Fig,9 
tPLH 
nCPO, nCP1 to nQn 
19 
36 
45 
59 
6,0 


44 


I 


150 
190 
I 
225 I 
2.0 


I Fig,8 
tpHL 
propagation delay 
16 
30 
38 


I 


45 
ns 
4,5 
nMR to nQn 
13 
26 
33 
I 
38 
6,0 


I 
19 


I 


75 
I 


I 


95 


I 


110 


I 


2,0 
tTHLI 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig,9 
tTLH 
6 
13 
16 
19 
6,0 


80 
25 
100 


! 


120 


I 


2,0 
I 


tw 
clock pulse width 
16 
9 
20 
24 
ns 
4.5 
Fig,8 
HIGH or LOW 
14 
7 
17 
20 
6.0 
I 


master reset pulse width 
120139 
150 


I 


180 
2,0 


tw 
24 
14 
30 
36 
ns 
4,5 
Fig.8 
HIGH 
20 
11 
26 
31 
6,0 


removal 
time 
0 
-22 
0 
0 


I 


2,0 
trem 
nM R to nCPO,nCP1 
a 
-8 
0 
0 
ns 
4,5 
Fig,8 
0 
-6 
0 
0 
6.0 


set-up time 
80 
22 
100 I 
120 I 


2,0 


tsu 
nCP1 to n9:o; 
16 
8 
20 
24 
ns 
4,5 
Fig, 7 
nCPOto nCP1 
14 
6 
17 
20 
6,0 


maximum 
clock 
pulse 
6.0 
18 
4,8 
4,0 
2,0 


I Fig,8 
fmax 
frequenc:y'" 
30 
55 
24 
20 
MHz 
4,5 


nCPn,nCPl 
35 
66 
28 
24 
6,0 


74HC/HCT4518 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family 
specifications". 


Output capability: 
standard 


ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
supply 
current 
(LlICC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine t>.ICCper input. multiply 
this value by the unit load coefficient 
shown in the table below. 


UNIT LOAD~ 
COEFFICIENT 


0.80 
1.50 


I 


I 


Tamb (OC) 
I 
TEST CONDITIONS 
I 


I 


I 


1 SYMBOL 
74HCT 


UNIT I V,jC 
PARAMETER 


-40 
to +125 
1 


WAVEFORMS 


I 


I 
+25 
I -40 
to +85 


I 


I 
min. 
typo 
max.1 
min. 
max. 
min. 
max. 
! 
! 


tPHLI 
I propagati~ 
delay 


1 
28 


I 
T 


I 


53 
66 
80 
ns 
i 4.5 
Fig. 9 
tPLH 
I 
nCPO. nCP1 to nOn 
I 
I 
I 
i 


I 


I 
I 
I 
propagation 
delay 


I 


I 
tPHL 
I 
nMR to nOn 
17 
35 


I 


44 
53 
ns 
I 4.5 
Fig. 8 


! 


tTHLI 
I 


output 
transition 
time 
7 
I 15 


I 
I 


19 


I 
I 


22 
I 
ns 
I 4.5 
Fig. 9 
tTLH 
I 
I 
I 
! 


I 
120 


I 


I 
I 


i 
I 
I 
I 
I 


tw 
clock 
pulse width 
11 
I 
25 
30 


I 


4.5 


I 
Fig. 8 
HIGH or LOW 
! 
I 


ns 


I 
! 
! 
I 


I 
111 


I 
I 


I 


I 
I 
I 


I 
master reset pulse width 
I 
tw 
HIGH 
20 
25 


I 


30 


I 


ns 


i 


4.5 
Fig. 8 


I 
I 
I 


removal 
time 
-11 
I 
0 
I 
0 
I 


j 
trem 
nM R to nCPO. nCP1 
0 
ns 


I 


4.5 
Fig.8 
I 
I 


I 


set-up time 


15 


I 


1 


I 


I 


I 


tsu 
nCPl to nQ'o; 
16 
I 
I 


20 


I 


24 
I 
ns 
4.5 
Fig. 7 


I 
! 
nCPOto nCP1 
I 


maximum 
clock 
pulse 
fmax 
frequency 
25 
50 
20 
17 
MHz 
4.5 
Fig 8 
nCPO. nCPl 


March 
1988 'I(I" 


______ 
D_u_a_I_SY__nCh__ro_n_o_u_s_B_C_D_c_o_u_n_ 


1 


t_e_r 
J 


74HC/HCT4518 


MSI 


Fig.7 
Waveforms 
s~ing 
ho!s!- and set-up 
times 
for 
nCPo to nCP 1 and nCP 1 to nCPo· 


"'"',","'1,·",'''_.[--- 


--'w-- 


~}- 
''Om 


nMR 
INPUT 
VMP) 


~-------- 
--'W--- 


Fig.8 
Waveforms 
showing 
the minimum 
pulse widths 
for 
nCPo. nCP, 
and nMR 
inputs; 
the removal 
time 
for 


nM R and the propagation 
delay 
for 
nM R to nQn 
outputs 
and the maximum 
clock 
pulse frequency. 


Fig.9 
Waveforms 
showing 
the propagation 
delays 
for 
nCPo, 
nCP1 to nQn outputs 


and the output 
transition 
times. 


Conditions: 


nCP1 =HIGH 
while 
nCPo is triggered 
on a LOW-to-HIGH 
transition 
and nCPo = LOW, 
while 
nC:P1 is triggered 
on 


a H IG H-to-LOW 
transition. 


Note 
to AC waveforms 


(1) 
HC 
. VM = 50%; VI = GND 
to VCC' 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V. 


"I( 
March 1988 


_____ 
J 


74HC/HCT4520 


MSI 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 
74HC/HCT4520 
are high·speed 


Si-gate 
CMOS 
devices 
and are pin 


compatible 
with 
the 
"4520" 
of the 


"4000B" 
series. 
They 
are specified 
in 


compliance 
with 
JEOEC 
standard 
no. 
7 A. 


The 
74HC/HCT4520 
are dual 
4-bit 


internally 
synchronous 
binary 
counters 
with 
an active 
HI G H clock 
input 
(nCPO) 
and an active 
LOW 
clock 
input 
(n<:'l), 


buffered 
outputs 
from 
all four 
bit 


positions 
(noO 
to n03) and an active 
HIGH 
overriding 
asynchronous 
master 
reset 
input 
(nMR). 


The counter 
advances 
on either the LOW· 
to-HIGH 
transition 
of nCPO if nCP1 
is 
HIGH 
or the 
HIGH·to·LOW 
transition 
of 


n~1 
if nCPO is LOW. 
Either 
nCPO or 


nCP1 
may 
be used as the 
clock 
input 
to 
the counter 
and the other 
clock 
input 


may be used as a clock 
enable 
input 
A HIGH 
on nMR 
resets 
the counter 


(nQO 
to nQ3.:' 
LOW) 
independent 
of 
nCPO and 
nCP1. 


• 
Multistage 
synchronous 
counting 


• 
Multistage 
asynchronous 
counting 


• 
Frequency 
dividers 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagati~ 
delay 


tPLH 
nCPO, nCP1 
to nQn 
24 
24 
ns 


I 


tPHL 
propagation 
delay 
CL=15pF 


I 


nMR 
to nQn 
VCC 
= 5 V 
13 
13 
ns 


fmax 
maximum 
clock 
frequency 
68 
64 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


CPO 
power dissipation 
notes 
1 and 
2 
29 
24 
pF 
capacitance 
per counter 


GND 
= 0 V; Tamb 
= 25°C; 
tr = tf 
= 6 ns 


Notes 


1. 
CPO 
is used to determine 
the 
dynamic 
power 
dissipation 
(PO in IlW): 


Po = CPO 
X VCC' 
x fi + ~ (CL 
x VCC' 
x fo) 
where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load 
capacitance 
in pF 


fo 
= 
output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 


J: (CL 
x VCC' 
x fol 
= sum of outputs 


2. 
For 
HC 
the condition 
is VI = GND 
to VCC 
For 
HCT 
the condition 
is VI 
= GNO 
to VCC 
- 
1.5 V 


PACKAGE 
OUTLINES 


16-lead 
01 L; plastic 
(SOT38Z). 


16-lead 
mini·pack;plastic 
(5016; 
SOTl09A). 


PIN 
DESCRIPTION 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,9 
1CPO,2CPO 
clock 
inputs 
(LOW·to·H 
IG H, edge-triggered) 


2,10 
lCP1,2CPl 
clock 
inputs 
(HIGH·to·LOW, 
edge-triggered) 


3,4,5,6 
1QO to 
1Q3 
data outputs 


7,15 
1MR,2MR 
asynchronous 
master 
reset inputs 
(active 
HIGH) 


8 
GNO 
ground 
(0 VI 


11,12,13,14 
2QO to 2Q3 
data 
outputs 


16 
VCC 
positive 
supply 
voltage 


oj: 


, 


'.9 
°0 
3.11 
CPo 


2.10 -0 
CP1 
0, 
4,12 


0, 
5.13 


1,15 
MR 
0, 
6,14 
,{ 


II 
" 
7Z93190 


CT-O 
13 


14 


74HC!HCT4520 


MSI 
l 
_ 


20011 


2Q112 


2Q213 


2°314 


nCPo 
nCPl 
MR 
MODE 


t 
H 
L 
counter advances 


L 
•• 
L 
counter advances 


•• 
X 
L 
no change 


X 
t 
L 
no change 


t 
L 
L 
no change 
H 
.. 
L 
no change 


X 
X 
H 
00 to 03 = LOW 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH clock transition 
.• = HIGH-to-LOW clock transition 


CPl~ 


cPo~ 


J"",,y 19861( 


Dual 4-bit synchronous binary counter 
J 


---- 


74HC/HCT4520 


MSI 


For the 
DC characteristics 
see chaptE'r "HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


I SYMBoJ 


Tamb (OCI 
TEST CONDITIONS 


74HC 


I 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


I 


+25 
-40 to +85 
-40 to +125 
V 


min. 
I min. 
min. 
I 
typo 
max. 
max. 
i max. 


tPHLI 
I propagation delay 
77 
I 240 
300 
360 


I 


20 


I 


28 
48 
60 
72 
ns 
45 
Fig.8 
tPLH 


I 


nCPOto nOn 
22 
41 
51 
61 
60 


tPHLI 
pr0.E2gation 
delay 


I 


77 
240 
300 


I 


360 


I 


2.0 


28 
48 
60 
72 
ns 
4.5 
Fig.8 
tPLH 
nCPl to nOn 
22 
41 
51 
61 
6.0 


I 


propagation delay 


1 


44 
150 I 


190 


I 


225 
2.0 


tpHL 
16 
30 
38 
45 
ns 
4.5 
Fig.9 
nMR to nOn 
13 
26 
I 
33 
38 
6.0 


tTHLI 
Jr 


75 
95 
110 
2.0 


output 
transition 
time 
15 
19 
22 


I 


ns 
4.5 
Fig.8 
tTLH 
13 
16 
19 
6.0 


I 


clock pulse width 
80 


122 
100 
120 I 
2.0 


tw 
HIGH or LOW 
16 I~ 


20 
24 
ns 
4.5 
Fig. 7 


14 
17 
20 
6.0 


master reset pulse width 
120 
39 
150 
180 
2.0 


tw 
HIGH 
24 
14 
30 
36 
ns 
45 
Fig. 7 
20 
11 
26 
31 
6.0 


removal 
time 
0 
-28 


I 


0 


I 


0 


I 


2.0 


trem 
nMR to nCPO;nCP1 
0 
-10 
0 
0 
ns 
4.5 
Fig. 7 


0 
-8 
0 
0 
6.0 


set-up time 
80 
14 
100 
120 
2.0 


tsu 
nCPl to n~o; 
16 
5 
20 
24 
ns 
4.5 
Fig.8 


nCPOto nCPl 
14 
4 
17 
20 
6.0 


maximum 
clock 
pulse 
6.0 
19 
4.8 
4.0 
2.0 


fmax 
frequency 
30 
58 
24 
20 
MHz 
4.5 
Fig. 7 


35 
69 
28 
24 
6.0 


'I( M,,,h 1988 


74HC/HCT4520 


MSI l 
_ 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: 
standard 


ICC category: MSI 


The value of additional 
quiescent supply current (l>.ICC)for a unit load of 1 is given in the family specifications. 


To determine AICC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


nCPO,nCP1 
0.80 
nMR 
1.50 


I 


Tamb rOC) 
I 
TEST CONDITIONS 


74HCT 
I 
I SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 
to +125 
V 


min·1 typo 
max·1 
min. 
max. I 
. 
max. 
I min. 


tPHLI 
propagation delay 


I 


I 
I 
I 


28 
53 
I 66 
80 
ns 
4.5 
Fig. 8 


tPLH 
nCPOto nQn 


tPHLI 


I 


pr0.E2gation delay 


I 


25 
53 
66 
80 


I 


ns 
4.5 


I 


Fig.8 


tPLH 
nCP, to nQn 


tPHL 
I 


propagation 
delay 


I 


116 
35 
44 


I 


53 
ns 
4.5 
Fig.9 


I 


nMR to nQn 
I 


tTHLI 
output 
transition 
time 


1 
7 
15 
19 
22 
ns 
4.5 
Fig.8 


tTLH 


tw 
I clock pulse width 


120 
110 
25 


1 


30 
ns 
4.5 
Fig. 7 
HIGH or LOW 


master reset pulse width 
I 


1 
45 


I 


tw 
HIGH 
20 
12 
25 
30 


I 


ns 
Fig.7 


removal 
time 
a 1- 


8 


1 


a 
a 
ns 


I 


4.5 
Fig. 7 
trem 
nMR to nCPO; nCP1 


set2lf time 


1 
6 


I 


tsu 
nC , to nCPO; 
16 
20 
24 
ns 
4.5 
Fig. 8 
nCPOto nCJ5, 


fmax 


maximum 
clock 
pulse 
30 
58 
24 
20 
MHz 
4.5 
Fig.7 
frequency 


M.~h 19881( 


_____ 
D_u_a_I_4_-_b_it_s 


Y 


_n_c_h_ro_n_o_u_s_b_in_a_r_ 


y 


._co_u_n_te_r 
j 


74HC/HCT4520 


MSI 


~ 


l/lm"~1 
I 


V 


M 


111 


~ 


_IW_r::'t 


---11- 
'w _1'- 
~) 
---1)_ 
(W --[rem 
1_ 


Fig. 7 Waveforms 
showing 
removal 
time 
for nMR; 


minimum 
nCPO. nCP1. 
nMR 
pulse widths 
and 
maximum 
clock 
pulse frequency. 


Conditions: 


nCP, 
= HIGH 
while 
nCPO is triggered 
on a 


LOW-to-HIGH 
transition; 
tw 
an.':!_trem also 
apply 
when 
nCPO = LOW and nCP, 
is 
triggered 
on a HI G H-to- LOW transition. 


Fig. ~ 
Wavefo~s 
showing 
set-up times for nCPO 
to nCP, 
and nCP 1 to nCPO. propagation 
delays 


and output 
transition 
times. 


Fig.9 
Waveforms 
showing 
propagation 
delay 


from 
nM R to nOn output. 


Note to AC waveforms 


(l)HC 
VM=50%;VI=GNDtoVC,,' 


HCT: 
VM= 
'.3V;VI 
=GNDt03V. 


___ 
J 


74HC!HCT4538 


MSI 


• 
Separate 
reset 
inputs 


• 
Triggering 
from 
leading 
or 
trailing 
edge 


• 
Output 
capability: 
standard 


• 
ICC 
category: 
MSI 


• 
Power-on 
reset 
on-chip 


GENERAL 
DESCRIPTION 


The 74HC/HCT4538 
are high·speed 


Si·gate CMOS devices and are pin 
compatible 
with 
"4538" 
of the 


"4000B" 
series. They 
are specified 
in 


compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT4538 
are dual 


retriggerable·resettable 
monostable 


multivibrators. 
Each multivibrator 
has an 


active 
LOW trigger/retrigger 
input 
(nAO), 


an active HIGH trigger/retrigger 
input 


(nA1), 
an overriding 
active 
LOW direct 
reset input 
(nRD), 
an output 
(nO) 
and 


its complement 
(nO), 
and two 
pins (nCTC 


and nRCTC) 
for 
connecting 
the external 


timing 
components 
Ct and Rt. Typical 


pulse width 
variation 
over temperature 


range is ± 0.2%. 


The "4538" 
may be triggered 
by either 


the positive 
or the negative 
edges of the 


input 
pulse. The duration 
and accuracy 
of the output 
pulse are determined 
by the 


external 
timing 
components 
Ct and 
Rt. 


The output 
pulse width 
(T) is equal 
to 


0.7 
x Rt x Ct- The 
linear 
design techniques 
guarantee 
precise control 
of the output 


pulse width. 


A LOW level at n R D terminates 
the 


output 
pulse immediately. 


Schmitt·trigger 
action 
in the trigger 
inputs 
makes the circuit 
highly 
tolerant 
to sloVier 


rise and fall 
times. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHL/ 
propagation 
delay 
CL=15pF 


I 


27 
30 
ns 


tPLH 
nAO, nA1 
to nO, nO 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


power 
dissipation 


CPD 
capacitance 
per 
notes 
1 and 2 
136 
138 
pF 


multi vibrator 


Notes 


1. CPD is used to determine 
the dynamic 
power 
dissipation 
(PD in p,W): 


PD = CPD x VCC' 
x fi + :E (CL x VCC' 
x fol + 


+ 0,48 x CEXT 
x VCC' 
x fo + D x 0.8 x VCC 
where: 


fi 
= input 
frequency 
in MHz 
CL 
= output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 
:E (CL 
x VCC' 
x fo) = sum of outputs 
D 
= duty 
factor 
in % 


CEXT 
= timing 
capacitance 
in pF 


2. For 
HC 
the condition 
is VI = GND 
to VCC 
For 
HCT the condition 
is VI = GND 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16·lead 
DI L; plastic 
(SOT38Z). 


16·lead 
mini-pack; 
plastic 
(S016; 
SOT1 09A). 


PIN 
DESCRIPTION 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1,15 
1CTC,2CTC 
external 
capacitor 
connections 


2,14 
1 RCTC,2RCTC 
external 
resistor/capacitor 
connections 


3,13 
1RD,2RD 
direct 
reset inputs 
(active 
LOW) 


4,12 
1A1,2A1 
trigger 
inputs 
(LOW-to·HIGH, 
edge-triggered) 


5,11 
1AO,2AO 
trigger 
inputs 
(H IGH·to·LOW, 
edge-triggered) 


6,10 
10,20 
pulse outputs 


7,9 
10,20 
complementary 
pulse outputs 


8 
GND 
ground 
(0 V) 


16 
VCC 
positive 
supply 
voltage 


leTC 


lRCTC 


lA, 


5-o1AO 


J 
lRO 


74HC/HCT4538 


MSI 


Fig. 4 
Functional 
diagram. 


Ct 
At 
~-;".,' 


AO 
6 


AD 
7Z933652 


(11 Connect 
CTC (pins 
1 and Hi) 
to GND 
(pin 
81. 


Fig. 5 
Connection 
of the external 


timing 
components 
Rt and Ct- 


l 
_ 


FUNCTION 
TABLE 


INPUTS 


nAO 
nAl 
nRO 


• 
L 
H 
H 
t 
H 


X 
X 
L 


H 
= HIGH 
voltage 
level 


L 
= LOW voltage 
level 
X 
= don't 
care 


t 
= LOW-to-HIGH 
transition 
= HIGH-to-LOW 
tranSition 


~ 
= one HIGH 
level output 
pulse 
LJ = one LOW 
level output 
pulse 


JL 
LJ 
JL 
LJ 


L 
H 


(11 Positive 
edge triggering~g 
(pulse 
lengthening 
I. 
(21 Positive 
edge retrlggen 


(31 Negative 
edge triggering. 


(4) Reset (pulse shortening). 
nal relerence 
voltages. 


(51 Vrell 
and Vrel2 
are Intfr 
F· 
5) 


(61 T = 0.7 x Rt x Ct (see a so 
Ig. 
. 


Fig.6 
Timing 
diagram. 


S,,"mbe, 19931 ( 


74HC/HCT4538 


MSI 


DC CHARACTERISTICS 
FOR 741iC 


For the DC characteristics 
see chapter 
"HCMOS family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
rnax. 
min. 
max. 
min. 
max. 


propagation 
delay 
85 
265 
330 
400 
2.0 
tpLH 
nAO, nA1 to nO 
31 
53 
66 
80 
ns 
4.5 
Fig. 8 
25 
45 
56 
68 
6.0 


propagation 
delay 
83 
265 
330 
400 
2.0 


tPHL 
nAO, nA1 to nO 
30 
53 
66 
80 
ns 
4.5 
Fig.8 
24 
45 
56 
68 
6.0 


propagation 
delay 
80 
265 
330 
400 
2.0 
tPHL 
nRD to nO 
29 
53 
66 
80 
ns 
4.5 
Fig. 8 
23 
45 
56 
68 
6.0 


propagation 
delay 
83 
265 
340 


I 
1 


400 


I ns 


2.0 
tPLH 
nRD to nO 
30 
53 
68 
80 
4.5 
Fig.8 
24 
45 
58 
68 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 8 
tTLH 
6 
13 
16 
19 
6.0 


nAO 
pulse width 
80 
17 
100 
120 
2.0 
tw 
16 
6 
20 
24 
ns 
4.5 
Fig,8 
LOW 
14 
5 
17 
20 
6.0 


nA1 pulse width 
80 
17 
100 
120 
2.0 
tw 
16 
6 
20 
24 
ns 
4.5 
Fig. 8 
HIGH 
14 
5 
17 
20 
6.0 


nAD pulse width 
80 
19 
100 
120 


I 


2.0 
I 


tw 
16 
7 
20 
24 
ns 
4.5 
Fig. 8 
LOW 
14 
6 
17 
20 
6.0 


nO, nO pulse width 
0.6310.70 
0.60210.798 
Fig. 8; 


tw 
HIGH or LOW 
0.77 
0.595 
0.805 
ms 
5.0 
Rt = 10 kil; 
G,=0.1JlF 


removal 
ti me 
35 
6 
45 
55 
2.0 


I 


trem 
AD to nAO, nA1 
7 
2 
9 
11 
ns 
4.5 
Fig.8 
6 
2 
8 
9 
6.0 


ret.':!gger ti me 
- 
455+X 
- 
- 
2.0 
trt 
- 
80+X 
- 
- 
ns 
4.5 
Fig.8 
nAO, nA1 
- 
55+X 
- 
- 
6.0 
X = CEXT/14.5 
x VCC) 


REXT 
external 
timing 
10 
1000 
kil 
2.0 


I 
resistor 
2 
1000 
5.0 


CEXT 
external 
timing 
no limits 
pF 
5.0 
capacitor 


74HC/HCT4538 


MSI l 
_ 


NON-STANDARD 
DC CHARACTERISTICS 
FOR 74HC 


Voltages are referencedto GND (ground = 0 Vj 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


input 
leakage current 
2.0 
VCC or GND; 
±II 
0.5 
5.0 
10.0 
I"A 
6.0 
or 
nRCEXT 
GND 
note 1 


Note 


1. This measurement 
can only 
be carried 
out after 
a trigger 
pulse ;s applied. 


Output capability: standard 
Ice category: MSI 


Note to HCT types 


The value of additional quiescent supply current (lIleel 
for a unit load of 1 is given in the family specifications. 


To determine 1I1ee per input, multiply this value by the unit load coefficient shown in the table below. 


I 


UNIT LOAD 
COEFFICIENT 


0.50 
0.65 


September 
1993 "I( 


74HC/HCT4538 


MSI 


AC CHARACTERISTICS 
FOR 74t1CT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPLH 
pr~agation 
delay 
35 
60 
75 
90 
ns 
4.5 
Fig. 8 
nAO. nA1 to nO 


tPHL 
prqpagation del'!}' 
35 
60 
75 
90 
ns 
4.5 
Fig. 8 
nAo. nA1 to nO 


tPHL 
prqpagation delay 
35 
60 
75 
90 
ns 
4.5 
Fig. 8 
nAD to nO 


tPLH 
pr<pagatio!!..delay 
35 
60 
75 
90 
ns 
4.5 
Fig. 8 
nAD to nO 


tTHL! 
output transition time 
7 
15 
19 
21 
ns 
4.5 
Fig. 8 
tTLH 


tw 
nAO pulse width 
20 
11 
25 
30 
ns 
4.5 
Fig. 8 
LOW 


tw 
nA 1 pu Isewidth 
16 
5 
20 
I 


24 


I 


ns 
4.5 
Fig.8 
HIGH 


tw 
nA0 pu lsewidth 
20 
11 
25 
30 
ns 


14.5 
Fig.8 
LOW 


tw 
nO. nO pulse width 
0.63 
0.70 
0.77 
0.60 
0.798 
0.595 
0.805 
ms 
5.0 
Fig. 8; At = 10 kn; 
HIGH or LOW 
Ct = 0.1 IJ.F 


trem 
removal 
time 
7 
2 
9 
11 
ns 
4.5 
Fig. 8 
RD to nAl). nAl 


trt 
retrigger time 
- 
80+X 
- 
- 
ns 
4.5 
Fig.8 
nAO. nA1 
X = CEXT!(4.5 
x VCC) 


AEXT 
external 
timing 
2 
1000 
kn 
5.0 
resistor 


CEXT 
external timing 


no limits 
pF 
5.0 
capacitor 


NON-STANDARD 
DC CHARACTEFIISTICS 
FOR 74HCT 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 
to +85 
-40to+125 
V 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


input 
leakage current 
2.0 


VCC or GND; I 
±II 
nACEXT 
0.5 
5.0 
10.0 
IJ.A 
5.5 
or 
note 1 
GND 
i 


Note 


1. This 
measurement 
can only 
be carried 
out after 
a trigger 
pulse is applied. 


74HC/HCT4538 


MSI l 
_ 


I"IAQ 
INPUT 


(nA, 
'"lOWl 


Fig. 8 
Waveforms 
showing 
the input 
(nA1, 
nAo, 
nRo) 
to output 
(nQ, nO) propagation 
delays, 


the output 
transition 
times, 
the input 
and output 
pulse widths, 
the removal 
time 
from 
direct 
reset (nRo) 
to input 
(nAl' 
nAO), and the input 
retrigger 
time. 


Note to AC waveforms 


(1) 
HC 
: VM = 50%; VI = GNO to VCC' 


HCT: 
VM = 1.3 V; VI = GNO to 3 V. 


September 19931 ( 


Fig. 9 
Retriggerable 
monostable 
circuitry. 


(a) rising·edge 
triggered; 
(bl 
falling·edge 
triggered. 


Fig. 
10 
Non-retriggerable 
monostable 
circuitry. 


la) rising-edge 
triggered; 
Ib) falling-edge 
triggered. 


74HC/HCT4538 


MSI 


74HC/HCT 
4538 


MSI l 
_ 


A large capacitor 
(Cx) may cause problems 
when powering-down 


the monostable 
due to the energy stored 
in this capacitor. 
When a 
system containing 
this device 
is powered-down 
or a rapid 
decrease 
of VCC to zero occurs, the monostable 
may substain 
damage, 
due to 


the capacitor 
discharging 
through 
the input protection 
diodes. 


To avoid this possibility, 
use a damping 
diode 
IDXI preferably 
a 
germanium 
or Schottky 
type diode able to withstand 
large current 
surges and connect 
as shown 
in Fig. 
11. 


normalIzed 


K lat;lor 


IKI 


1.12 


1.05 
ReXTx 


0.98 
'eXT 


{twl 
0.91 


0.84 


0.71 


0.10 


0.63 


0.56 


0.49 


CeXT 
(FI 


normalized 


K factor 


IKI 


ReXT 
Il 


CeXT 


(twl 


Fig. 
13 
Typical 
pulse width 
accuracy 
versus external 
resistance; 


VCC = 4.5 V; Tamb = 25°C. 
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1.12 


1.05 
AeXT 
II 


0.98 
CeXT 


(lWI 


0.91 


0.84 


0.77 


0.70 


:: i 
06~·--~ 
10-10 


1.71 
i 
1.19 


normal,zt!'O 16H 


: 
1.12 
ReXT 
.• 


K lactor 


IKI 
1.5 
' 
105 
CEXT 


IAi 
ltwl 


"I 
I 


098 


i 


0.91 
"I 
11 I 
I 
I 
i 
I 


0.84 


IO~ 
I 
I 
,- 


077 


11Mfl:j 
I 


0.70 
09 
I 
I 
I 
0.63 
o·H++-o 


! 
I 
1 


I 
J 


' 0.56 
07' 
I 
, 
10.49 


1 
Vce IV) 
6 


normalized :::R 


K factor 
I 
IKJ 
1.5. 
I 


1·1 
"I"Ii 
1.11 


1.0 ! 


0.9 i 
0,1 


0.7 i 


1 


lZ124'0 


1 


1.19 


,1.12 
AEXT" 


1.05 
CeXT 


I 
I(WI 


0.98 


I 


10.91 


10." 


0.77 


1Mnl 
1 
, 


01 
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1.7 
oo,m.",,,,,.,t!1 


K factor 
I 


IKI 
1.5 


1.4 


1 
! 
! 


13f==1 
1.2b:!= 


I 
I 
! 


1.11 
i 
I 


1.0L-....L- 


1.12 
ReXT 
l( 


1.05 
CeXT 


(IWI 


ReXT 
II 


1.05 
CeXT 


IIWI 
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74HC/HCT4543 


MSI 


• 
latch 
storage 
of 
BCD 
inputs 


• 
Blanking 
il1Puts 


• 
Output 
capability: 
non-standard 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 
74HC/HCT4543 
are high-speed 


Si-gate 
CMOS 
devices 
and are pin 


compatible 
with 
"4543" 
of the 


"4000B" 
series. 
They 
are specified 
in 
compliancewithJEDEC 
standard 
no. 7 A. 


The 
74HC/HCT4543 
are BCD 
to 
7 -segment 
latch/decoder/drivers 
for 


liquid 
crystal 
displays. 
They 
have four 
address 
inputs 
(DO to 03), 
an active 


HIGH 
latch 
disable 
input 
(LO), 
an acti"e 
HIGH 
blanking 
input 
(BI), 
an active 


HIGH 
phase 
input 
(PH) 
and seven 
buffered 
segment 
outputs 
(Oa to 0g)' 


The 
"4543" 
provides 
the 
function 
of a 


4-bit 
storage 
latch 
and an 8-4-2·1 
BCD 
to 


7-segment 
decoder 
driver. 
The 
"4543" 
can invert 
the 
logic 
levels 
of the 
output 
combination. 
The 
phase 
(PHI, 
blanking 
(BII 
and 
latch 
disable 
(LOI 
inputs 
are 


used to reverse the function 
table phasE, 
blank 
the 
display 
and store 
a BCD 
code, 


respectively. 


For 
liquid 
crystal 
displays 
a square-wave 
is applied 
to PH and 
the electrical 
common 
back-plane 
of the 
display. 
The 


outputs 
of the 
"4543" 
are directly 


connected 
to the segments of the liquid 
crystal. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


propagation 
delay 


tPHL/ 


On to On 
CL = 15 pF 


29 
33 
ns 


LO to On 
32 
31 
ns 
tPLH 
Blto 
On 
VCC = 5 V 
20 
28 
ns 


CI 
input capacitance 
3.5 
3.5 
pF 


CPO 


power 
dissipation 
notes 
1 and 
2 
42 
42 
pF 
capacitance 
per package 


Notes 


1. 
CPO 
is used to determine 
the 
dynamic 
power 
dissipation 
(PO in /-lW): 


Po = CPO 
x VCC' 
x fi + ~ (CL 
x VCC' 
x fo) 
where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo = 
output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


E (CL 
x VCC' 
x fo) = sum of outputs 


2. 
For 
HC 
the condition 
is VI = GNO 
to VCC 
For 
HCT 
the condition 
is VI = GND 
to 
VCC 
- 
1.5 V 


PACKAGE 
OUTLINES 


16-lead 
0 I L; plastic 
(SOT38Z). 
16-lead 
mini-pack; 
plastic 
(S015; 
SOT109A). 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
LO 
latch 
disable 
input 
(active 
HIGH) 


5,3,2,4 
DO to 03 
address 
(data) 
inputs 


6 
PH 
phase input 
(active 
HIGH) 


7 
BI 
blanking 
input 
(active 
HIGH) 


8 
GNO 
ground 
(0 V) 


9,10,11,12 


0a 
to Og 
segment 
outputs 
13,15,14 


16 
VCC 
positive 
supply 
voltage 


vcc 


af 
00 
a, 
aCOI7SEG 
(> 


0, 
ab 
c, 
[T) 
.10 
10 
'0 
0, 
90.1 
"0 
a, 
a, 
'0 
, 
<10 
11 
0, 
12 
ad 
12 
90,4 
dlO 


LO 
90.8 
,10 
13 
a, 
13 


N'O 
110 
IS 
81 
af 
15 
ab 
'N 
,'0 
PH 
a, 
lZ93264 
I 


7Z93263 


Fig. 
1 
Pin configuration. 
J 


Fig. 
2 
Logic 
sy mbol. 
Fig. 3 
I EC logic 
symbol. 
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• 
Driving 
LCD displays 


• 
Driving 
fluorescent 
displays 


• 
Driving 
incandescent 
displays 


• 
Driving 
gas discharge displays 


INPUTS 
OUTPUTS 
DISPLAY 


LD 
BI 
PH' 
03 
02 
01 
DO 
oa 
ob 
oc 
C<J 
oe 
Of 
og 


X 
H 
L 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
blank 


H 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
0 
H 
L 
L 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
1 
H 
L 
L 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
2 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
H 
3 


H 
L 
L 
L 
H 
L 
L 
L 
H 
H 
L 
L 
H 
H 
4 
H 
L 
L 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
H 
5 
H 
L 
L 
L 
H 
H 
L 
H 
L 
H 
H 
H 
H 
H 
6 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
7 


H 
L 
L 
H 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
8 
H 
L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 
H 
H 
9 
H 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
blank 
H 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
blank 


H 
L 
L 
H 
H 
L. 
L 
L 
L 
L 
L 
L 
L 
L 
blank 
H 
L 
L 
H 
H 
L. 
H 
L 
L 
L 
L 
L 
L 
L 
blank 
H 
L 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
blank 
H 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
blank 


L 
L 
L 
X 
X 
X 
X 
.. 
.. 


as 
H 
as above 
inverse of above 
as 


above 
above 


For liquid crystal displays, apply a square-wave to PH. 


Depends upon the BCD-eode previously applied when LD = HIGH. 


H = HIGH voltage level 
L = LOW voltage level 
X =don't care 


J,,",,'I 198'1( 


74HC/HCT4543 


MSI 


rlI7l2GTJ15I5IllBl5'J 
IL.! 
1L _I 
1 _I LIlLI 
_I 


Limiting values in accordance 
with the Absolute 
Maximum 
System 
(IEC 134). 
For RATINGS 
see chapter 
"HCMOS 
family characteristics", 
section 
"Family 
specifications", 
standard 
outputs. 
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Output capability: 
non-standard 


ICC category: MSI 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
Vec 
VI 
OTHER 


+25 
-40 
to +85 
-40 
to +125 
V 


I min. 
typo 
max. 
min. 
max. 
min. 
max. 


1.5 
1.2 
1.5 
1.5 
2.0 


I 


VIH 
HIGH level input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 
4.2 
3.1 
4.2 
4.2 
6.0 


I 


1 
0 


. 
7 
0.5 
0.5 


1 
0 
. 
5 
2.0 


VIL 
LOW level input voltage 
1.8 
1.35 
1.35 
1.35 
V 
4.5 
2.8 
1.8 
1.8 
1.8 
6.0 


I 


I 
I 


1.9 
2.0 


I 


1.9 
1.9 
2.0 
VIH 
-10 
= 20l'A 
VOH 
HIGH level output voltage 
4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10 
= 20 I'A 


5.9 
6.0 
5.9 
5.9 
6.0 
VIL 
-10 
= 20l'A 


I 


3.84 


1 


VIH 


VOH 
HIGH level output voltage 
3.98 
0.15 
3.7 
V 
4.5 
-10=1.0mA 


5.48 
0.16 
5.2 
6.0 
or 
-10 
= 1.3 mA 
5.34 


1 
VIL 


0 
0.1 


1 


01 
0.1 
2.0 
VIH 
10=201'A 
VOL 
LOW level output voltage 
0 
0.1 
0.1 
0.1 
V 
4.5 
or 
10=201'A 


0 
0.1 
0.1 


10.1 
6.0 
VIL 
10=2OI'A 


1 


015 
0.26 
0.33 
0.4 
4.5 
VIH 
10=1.0mA 
VOL 
LOW level output voltage 
0.16 
0.26 
0.33 
0.4 
V 
6.0 
or 
10 = 1.3 mA 
VIL 


Vee 


± II 
input 
leakage current 
0.1 
1.0 
11.0 
I'A 
6.0 
or 
GND 


80.0 I 
1 
160 
. 
0 


1 


60 


Vcc 
Ice 
quiescent 
supply 
current 
8.0 
I'A 
or 
10 = 0 
GND 


Joe",,, 19861( 


74HC/HCT4543 


MSI 


Tamb (OCI 
TEST CONOITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
91 
340 
425 
510 
2.0 
33 
68 
85 
102 
ns 
4.5 
Fig. 12 
tPLH 
On to Qn 
26 
58 
72 
87 
6.0 


tPHLI 
propagation delay 
102 
370 
465 
555 I ns 
2.0 
37 
74 
93 
111 
4.5 
Fig. 13 
tPLH 
LO to Qn 
30 
63 
79 
94 
6.0 


tPHLI 
propagation delay 
66 
265 
330 
400 
2.0 
24 
53 
66 
80 
ns 
4.5 
Fig. 14 
tPLH 
BI to Qn 
19 
45 
56 
68 
6.0 


tPHLI 
propagation delay 
55 
200 
250 
300 
2.0 
20 
40 
50 
60 
ns 
4.5 
tpLH 
PH to Qn 
16 
34 
43 
51 
6.0 


tTHLI 
I output transition 
time 


63 
250 
315 


I 


375 


I 


2.0 
23 
50 
63 
75 
ns 
4.5 
Figs 12, 13 and 14 
tTLH 
18 
43 
54 
64 
6.0 


LD pulse width 
35 
11 
45 
55 
2.0 
tw 
7 
4 
9 
11 
ns 
4.5 
Fig. 13 
HIGH or LOW 
6 
3 
8 
9 
6.0 


60 
8 
75 
90 
2.0 


tsu 
set-up time 
12 
3 
15 
18 
ns 
4.5 
Fig. 15 
On to LD 
10 
2 
13 
15 
6.0 


hold time 
30 
3 
40 
45 
2.0 


th 
On to LD 
6 
1 
8 
9 
ns 
4.5 
Fig. 15 
5 
1 
7 
8 
6.0 
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Output capability: non-standard 
Ice category: MSI 


Voltages are referencedto GND (ground = a VI 


Tamb (Oe) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


4.5 
VIH 
HIGH level input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
5.5 


I 
I 


4.5 
VIL 
LOW level input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
5.5 


VIH 
VOH 
HIGH level output voltage 
4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10 = 20 ~A 


I 
VIL 


HIGH level output voltage I 


I 
VIH 
VOH 
3.98 4.32 
3.84 
3.7 
V 
4.5 
or 
-10 = 1.0 mA 
VIL 


I LOW level output voltage 
I 
VIH 
VOL 
a 
0.1 
0.1 
0.1 
V 
4.5 
or 
10 ~ 20 ~A 
VIL 


1 


015 
VIH 
VOL 
LOW level output voltage 
0.26 
0.33 
0.4 
V 
4.5 
or 
10=1.OmA 
VIL 


1 


10 
Vee 


± II 
input 
leakage current 
0.1 
1.0 
~A 
5.5 
or 
GND 


vee 
Ice 
quiescent 
supply 
current 
8.0 
80.0 
160.0 
~A 
5.5 
or 
10 = a 
GND 


additional 
quiescent 
supply 
4.5 
other 
inputs 
at 


Lllee 
current 
per input 
pin for 
100 
360 
450 
490 
~A 
to 
Vee 
Vee or GND; 
unit 
load coefficient 
is 1 
-2.1 V 
(note 1) 
5.5 
10= a 


Note to HeT types 


The value 
of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given here. 
To determine 61ee per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


00,01,02 
100 
03 
0.50 
81 
0.50 
LD 
150 
PH 
125 
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Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max·1 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
38 
80 
100 
120 
ns 


I 


4.5 
Fig. 12 
IPLH 
Dn to On 


tPHLI 
propagation delay 
36 
68 
85 
102 
ns 
4.5 
Fig. 13 
tPLH 
LD to On 


tPHLI 
propagation delay 
32 
66 
I 


83 
99 
ns 
4.5 
Fig. 14 
tPLH 
BI to On 


tpH LI 
propagation 
delay 
24 


1 
66 
I 
83 
99 
ns 
4.5 


tPLH 
PH to On 
1 


tTHLI 
output 
transition 
time 
23 
50 


I 


63 
75 


I 


ns 
4.5 
Figs 12, 13and 14 
tTLH 


'-IN 
I 


LD pulse width 
10 
4 
13 
15 
ns 
4.5 
Fig. 13 
HIGH or LOW 


tsu 
set-up time 
12 
4 
15 
18 
ns 
4.5 
Fig. 15 
Dn to LD 


th 
hold time 
8 
2 
10 
12 
ns 
4.5 
Fig. 15 
Dn to LD 


'I(M",h 
1988 


74HC/HCT4543 


MSI l 
_ 


Fig. 8 Connection 
to liquid 
crystal 
(LCD) 


display 
readout. 


lolilament 


SupplV 


~ GNO 
Of 
aopropnale 


\/Ollage 
below 
GNO 


Fig. 10 Connection 
to gas discharge 


display 
readout. 


J,"""V 19861 ( 


74HC/HCT4543 


MSI 


Fig. 12 Waveforms 
showing 
the address input 


(Dn) 
to output 
(On) 
propagation 
delays and 


the output transition times. 


'''NPUT JvM", 
1 


-'PHL-I 
I-'PLH- 


a"aUTPUT~ 
r 


"",,, 
'THL-! !_ 
---:J I_'TLH 


Fig. 14 
Waveforms 
showing 
the blanking 
(81) 


to output 
(On) 
propagation 
delays and the 


output 
transition 
times. 


Note to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


Fig. 13 Waveforms 
showing 
the latch disable 
input 
(LD) 
to output 
(On> propagation 
delays 
and the output 
transition 
times. 


Fig. 15 Waveforms 
showing 
the address (Dn) 
to latch disable 
(LD) 
input 
set·up and hold 
times. 


Note to Fig. 15 


The shaded areas indicate when the input is 
permitted 
to change for 
predictable 
output 
performance. 


Preliminary 
Specification 


Programmable 
delay timer with 


oscillator 


• 
Positive and negative 
edge 
triggered 


• 
Retriggerable 
or non-retriggerable 


• 
Programmable 
delay 


minimum: 
100 ns 


maximum: 
depends 
on input 


frequency 
and division ratio 


• 
Divide-by 
range of 2 to 224 


• 
Direct reset terminates 
output 
pulse 


• Very low power consumption 
in 


triggered 
start mode 


• 3 oscillator 
operating 
modes: 


- RC oscillator 


- Crystal oscillator 


- External 
oscillator 


• Device is unaffected 
by variations 
in temperature 
and Vcc when 


using an external oscillator 


• Automatic 
power-ON 
reset 


• Schmitt trigger 
action on both 


trigger 
inputs 


• 
Direct drive for a power transistor 


• Low power consumption 
in active 
mode with respect to TIL 
type 
timers 


• High precision 
due to digital 
timing 


• Output capability: 
20 mA 


• 
Icc category: 
MSI. 


• Motor control 


• Attic fan timers 


• 
Delay circuits 


• Automotive 
applications 


• Precision 
timing 


• 
Domestic 
appliances. 


GENERAL 
DESCRIPTION 


The 74HC/HCT5555 
are high-speed 


Si-gate 
CMOS devices and are pin 


compatible 
with low power Schottky 


TIL 
(LSTIL). 
They are specified 
in 


compliance 
with JEDEC 
standard 
no. 7A. 


The 74HC/HCT5555 
are precision 


programmable 
delay timers which 


consist 
of: 


• retriggerable/non-retriggerable 


monostable 


• automatic 
power-ON 
reset 


• output control 
logic 


• oscillator 
control 
logic 


• overriding 
assynchronous 
master 
reset (MR). 


• 
24-stage 
binary counter 


• 
integrated 
oscillator 
(using 


external timing components) 


QUICK 
REFERENCE 
DATA 


GND = 0 V: Tamb = 25°C; 
t, = t, = 6 ns. 


SYMBOL 
PARAMETER 
CONDITIONS 
TYP. 
UNIT 


propagation 
delay 
24 
24 
ns 


tPHJtPLH 
A, StoQ/a 
CL = 15 pF 
19 
20 
ns 
MR to Q/a 
Vcc = 5 V 
RS to Q/a 
26 
28 
ns 


C, 
input capacitance 
3.5 
3.5 
pF 


Cpo 
power dissipation 
notes 1 and 2 
23 
36 
pF 
capacitance 
per buffer 


Notes 


Cpo is used to determine 
the dynamic 
power dissipation 
(Po in ILW): 


Po = Cpo X VCC2 X fi + L(CL X VCC2 X fo) where: 
f; = input frequency 
in MHz 


fo = output frequency 
in MHz 


L(CL x Vcc2 X fo) = sum of outputs. 
CL = output load capacitance 
in pF 


Vcc = supply voltage 
in V 


For HC the condition 
is V, = GND to Vcc 


For HCT the condition 
is V, = GND to Vcc - 1.5 V. 


EXTENDED 
TYPE 
PACKAGE 


NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HC/HCT5555N 
16 
OIL 
plastic 
SOT38Z 


74HC/HCT5555D 
16 
S016 
plastic 
SOT109A 


Programmable delay timer with 
oscillator 


SYMBOL 
PIN 
DESCRIPTION 


RS 
1 
clock input/oscillator 
pin 


RTe 
2 
external resistor connection 


eTe 
3 
external capacitor 
connection 


A 
4 
trigger input (positive-edge 
triggered) 


B 
5 
trigger input (negative-edge 
triggered) 


RTR/RTR 
6 
retri gg erable/ non-retri gg erable 
input (active HIGH/active 
LOW) 


0 
7 
pulse output (active LOW) 


GND 
8 
ground (0 V) 


0 
9 
pulse output (active HIGH) 


So - S3 
10,11, 
programmable 
input 


12,13 


ose 
eON 
14 
oscillator control 


MR 
15 
master reset input (active 
HIGH) 


Vee 
16 
positive supply voltage 


B 
5 


RTRI 
RTR 


is 
7 


X/Y 
CTRDIVm 


10 
[T] 


y=o 


11 


12 
4 


13 
8 
15 
Y = 15 


Programmable 
delay timer with 
oscillator 


The oscillator 
configuration 
allows 
the design of RC or crystal oscillator 
circuits. 
The device can operate 
from an external clock signal applied 
to the RS input (RTC and CTC must 
not be connected). 
The oscillator 
frequency 
is determined 
by the 
external 
timing components 
(RT and 
CT), 
within the frequency 
range 1 Hz 
to 4 MHz (32 kHz to 20 MHz with 
crystal oscillator). 


In the HCT version the MR input is 
ITL 
compatible 
but the RS input has 
CMOS 
input switching 
levels. The 
RS input can be driven by ITL 
input 
levels if RS is tied to Vcc via a 
pull-up 
resistor. 


The counter 
divides the frequency 
to 
obtain a long pulse duration. 
The 
24-stage 
is digitally programmed 
via 
the select inputs (So to S3)' Pin S3 
can also be used to select the test 
mode, which is a convenient 
way of 
functionally 
testing the counter. 


The "5555" is triggered 
on either the 
positive-edge, 
negative-edge 
or both. 


• Trigger pulse applied to input A 
for positive-edge 
triggering 


• Trigger pulse applied 
input B for 
negative-edge 
triggering 


• Trigger pulse applied to inputs A 
and B (tied together) 
for both 
positive-edge 
and negative 
triggering. 


The Schmitt trigger 
action in the 


trigger inputs, transforms 
slowly 
changing 
input signals into sharply 
defined jitter-free 
output signals and 


provides 
the circuit with excellent 


noise immunity. 


The OSC CON input is used to 
select the oscillator 
mode, either 
continuously 
running 
(OSC CON; 
HIGH) or triggered 


start mode (OSC CON; 
LOW). The 
continuously 
running 
mode is 
selected 
where a start-up 
delay is 


an undesirable 
feature and the 
triggered 
start mode is selected 
where very low power consumption 
is the primary concern. 


The start of the programmed 
time 
delay occurs when output 0 goes 
HIGH (in the triggered 
start mode, 
the previously 
disabled 
oscillator will 


start-up). After the programmed 
time 


delay, the flip-flop stages are reset 


and the output returns to its original 
state. 


An internal power-on 
reset is used 
to reset all flip-flop stages. 


The output pulse can be terminated 
by the assynchronous 
overriding 


master reset (MR), this results in all 
flip-flop stages being reset. The 
output signal is capable of driving a 
power transistor. 
The output time 
delay is calculated 
using the 
following formula 
(minimum 
time 


delay is 100 ns): 


1 
... 
. 
7 x divIsion ratio (s). 


I 


Once triggered, 
the output width 


may be extended 
by retriggering 
the 
gated, active HIGH-going 
input A or 
the active LOW-going 
input B. By 
repeating 
this process, 
the output 


pulse period (0 ; HIGH, 0 ; LOW) 
can be made as long as desired. 
This mode is selected 
by 


RTR/RTR ; HIGH. A LOW on 
RTR/RTR makes, once triggered, 
the outputs (0,0) independent 
of 


further transitions 
of inputs A and B. 


Philips Semiconductors 


Programmable 
delay timer with 
oscillator 


o 
10il 
t-J 


Programmable delay timer with 
oscillator 


Set S3 to a logic LOW level, this will divide the 24 stage counter 
into three, parallel clocking, 
8-stage 
counters. 
Set So' 
S, and S2 to a logic HIGH level, this programs 
the counter to divide-by 
28 (256). Apply a trigger 
pulse and clock in 255 
pulses, this sets all flip-flop stages to a logic HIGH level. Set S3 to a logic HIGH level, this causes 
the counter to 
divide-by 224. Clock one more pulse into the RS input, this causes a logic 0 to ripple through 
the counter 
and output 
Q/Q goes from HIGH-to-LOW 
level. This method 
of testing the delay counter 
is faster than clocking 
in 224(16 777216) 
clock pulses. 


INPUTS 
OUTPUTS 


MR 
A 
B 
Q 
Q 


H 
X 
X 
L 
H 


L 
i 
X 
one HIGH level 
one LOW level 
output pulse 
output pulse 


L 
X 
1 
one HIGH level 
one LOW level 
output pulse 
output pulse 


H 
= HIGH voltage 
level 


L 
= LOW voltage 
level 


X 
= don't care 


i 
= LOW-to-HIGH 
transition 


1 
= HIGH-to-LOW 
transition. 


5ELECTINPUT5 
OUTPUT 
Q/Q (FREQUENCY 
DIVIDING) 


53 
52 
5, 
50 
BINARY 
DECIMAL 


L 
L 
L 
L 
2' 
2 


L 
L 
L 
H 
22 
4 


L 
L 
H 
L 
23 
8 


L 
L 
H 
H 
24 
16 


L 
H 
L 
L 
25 
32 


L 
H 
L 
H 
26 
64 


L 
H 
H 
L 
27 
128 


L 
H 
H 
H 
2" 
256 


H 
L 
L 
L 
217 
131072 


H 
L 
L 
H 
2'" 
262144 


H 
L 
H 
L 
2'9 
524288 


H 
L 
H 
H 
220 
1048576 


H 
H 
L 
L 
221 
2097152 


H 
H 
L 
H 
222 
4194304 


H 
H 
H 
L 
223 
8388608 


H 
H 
H 
H 
224 
16777216 


RS 


MR l 


A 
n 


I 


Q 
I 


Programmable 
delay timer with 
oscillator 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section "Family specifications". 


Output capability: 
parallel outputs, 
bus driver; serial output, 
standard 
lee category: 
MSI. 


T amb (OC) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
VI 
OTHER 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


HIGH level output 
1.!3 
2 
- 
1.9 
- 
1.9 
- 
V 
2.0 


VOH 
voltage 
Q and Q 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
10= -20 ~A 
outputs 
5.9 
6.0 
- 
5.9 
- 
5.9 
- 
V 
6.0 


HIGH level output 
3.!l8 
4.32 
- 
3.84 - 
3.7 
- 
V 
4.5 
10= -6.0 mA 
VOH 
voltage 
Q and Q 
5.48 
5.81 
- 
5.34 - 
5.2 
- 
V 
6.0 
10= -7.8 mA 
outputs 


HIGH level output 
3.:1 
- 
- 
3 
- 
2.7 
- 
V 
4.5 
10= -20 mA 
VOH 
voltage 
Q and Q 
4.8 
- 
- 
4.5 
- 
4.2 
- 
V 
6.0 
10= -20 mA 
outputs 


LOW level output 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
2.0 


VOL 
voltage Q and Q 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
10= 20 ~A 
outputs 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
6.0 


LOW level output 
- 
0.15 
0.26 
- 
0.33 
- 
0.40 
V 
4.5 
10= 6.0 mA 
VOL 
voltage 
Q and Q 
- 
0.15 
0.26 
- 
0.33 
- 
0.40 
V 
6.0 
10 = 7.8 mA 
outputs 


LOW level output 
- 
- 
0.9 
- 
1.14 
- 
1.34 
V 
4.5 
10= 20 mA 
VOL 
voltage 
Q and Q 
outputs 
- 
- 
0.9 
- 
1.14 
- 
1.34 
V 
6.0 
10= 25 mA 


HIGH level input 
1.7 
- 
- 
1.7 
- 
1.7 
- 
V 
2 


V'H 
3.6 
- 
- 
3.6 
- 
3.6 
- 
V 
4.5 
voltage 
RS input 
4.8 
- 
- 
4.8 
- 
4.8 
- 
V 
6.0 


LOW level input 
- 
- 
0.3 
- 
0.3 
- 
0.3 
V 
2.0 


V'L 
voltage 
RS input 
- 
- 
0.9 
- 
0.9 
- 
0.9 
V 
4.5 
- 
- 
1.2 
- 
1.2 
- 
1.2 
V 
6.0 


Programmable 
delay timer with 
oscillator 


Tamb (0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 
to +125 
UNIT 
Vcc 
VI 
OTHER 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


3.9B 
3.84 
3.7 
V 
4.5 
RS= 
GND; 


10 = -2.6 mA 
- 
- 
- 
- 
ose 
eON 
504B - 
- 
5.34 
- 
5.2 
- 
V 
6.0 
= Vee 


10 = -3.3 mA 


RS = Vee; 


3.9B 
- 
- 
3.84 
- 
3.7 
- 
V 
4.5 
ose 
eON 
10 = -0.65mA 


HIGH level 
504B 
- 
- 
5.34 
- 
5.2 
- 
V 
6.0 
=GND; 
10 = -0.85mA 


VOH 
output 
untriggered 


voltage 
RTe 
1.9 
2.0 
- 
1.9 
- 
1.9 
- 
V 
2.0 
RS = Vce; 


output 
404 
4.5 
- 
404 
- 
404 
- 
V 
4.5 
ose 
eON 
10 = -20!1A 
5.9 
6 
- 
5.9 
- 
5.9 
- 
V 
6.0 
= Vee 


1.9 
2.0 
- 
1.9 
- 
1.9 
- 
V 
2 
RS = Vee; 
ose 
eON 
404 
4.5 
- 
404 
- 
404 
- 
V 
4.5 
=GND; 


10 = -20!1A 
5.9 
6.0 
- 
5.9 
- 
5.9 
- 
V 
6.0 
untriggered 


HIGH level 
RS = V,H; 


VOH 
output 
3.9B 
- 
- 
3.84 
- 
3.7 
- 
V 
4.5 
ose 
eON 


10 = -3.2 mA 


voltage 
eTe 
504B 
- 
- 
5.34 
- 
5.2 
- 
V 
6.0 
10 = -4.2 mA 


output 
= V,H 


- 
- 
0.26 
- 
0.33 
- 
004 
V 
4.5 
RS = Vee; 


10 = 2.6 mA 
LOW level 
0.26 
0.33 
004 
V 
6 
ose 
eON 


10 = 3.3 mA 
- 
- 
- 
- 
= Vec 
VOL 
output 
voltage 
RTe 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
2.0 
RS = Vee; 
output 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
ose 
eON 
10 = 20 IlA 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
6 
= Vee 


LOW level 
RS = V,L: 


VOL 


output 
- 
- 
0.26 
- 
0.33 
- 
004 
V 
4.5 
ose 
eON 
10 = 3.2 mA 


voltage 
ere 
- 
- 
0.26 
- 
0.33 
- 
004 
V 
6.0 
= V,L; 
10= 4.2 mA 


output 
untriggered 


Programmable 
delay timer with 
oscillator 


AC CHARACTERISTICS 
FOR 741-1C 


GND = 0 V; t, = ~ = 6 ns; GL = 50 pF. 


T amb(OC) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 
to +85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 
- 
77 
240 
- 
300 
- 
360 
ns 
2.0 


tpU/tpHL 
delay A, S to 
- 
28 
48 
- 
60 
- 
72 
ns 
4.5 
Fig.6 
Q,a 
- 
22 
41 
- 
51 
- 
61 
ns 
6.0 


propagation 
- 
61 
185 
- 
230 
- 
280 
ns 
2.0 


tPL./tpHL 
delay MA to Q, 
- 
22 
37 
- 
46 
- 
56 
ns 
4.5 
Fig.7 
a 
- 
18 
31 
- 
39 
- 
48 
ns 
6.0 


propagation 
- 
83 
250 
- 
315 
- 
375 
ns 
2.0 


tpLH/tpHL delay RS to Q, 
- 
30 
50 
- 
63 
- 
75 
ns 
4.5 
Fig.8; note 1 
Q 
- 
24 
43 
- 
54 
- 
64 
ns 
6.0 


output 
- 
19 
75 
- 
95 
- 
110 
ns 
2.0 


ITHL/tTLH transition 
lime 
- 
7 
15 
- 
19 
- 
22 
ns 
4.5 
Fig.6 
- 
6 
13 
- 
16 
- 
19 
ns 
6.0 


trigger pulse 
width 
70 
17 
- 
90 
- 
105 
- 
ns 
2.0 
tw 
A= 
HIGH 
14 
6 
- 
18 
- 
21 
- 
ns 
4.5 
Fig.6 
12 
5 
- 
15 
- 
18 
- 
ns 
6.0 
S = LOW 


master reset 
70 
19 
- 
90 
105 
- 
ns 
2.0 


lw 
pulse width 
14 
7 
- 
18 
- 
21 
- 
ns 
4.5 
Fig.7 


HIGH 
12 
6 
- 
15 
18 
- 
ns 
6.0 


clock pulse 
80 
25 
- 
100 
- 
120 
- 
ns 
2.0 
lw 
width RS; 
16 
9 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.8 
HIGH or LOW 
14 
7 
- 
17 
- 
20 
- 
ns 
6.0 


minimum 
output pulse 
- 
275 
- 
- 
- 
- 
- 
ns 
2.0 
lw 
width 
- 
100 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.6; note 1 
Q = HIGH, 
- 
80 
- 
- 
- 
- 
- 
ns 
6.0 
Q= 
LOW 


retrigger 
time 
- 
0 
- 
- 
- 
- 
- 
ns 
2.0 
t,. 


A,S 
- 
0 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.10; 
note 2 


- 
0 
- 
- 
- 
- 
- 
ns 
6.0 


external timing 
5 
1000 
- 
- 
kQ 
2.0 
REXT 
- 
- 
- 
Fig.13 
resistor 
1 
1000 
- 
- 
kQ 
5.0 
- 
- 
- 
- 
- 


GEXT 
ex1ernal timing 
50 
no limits 
pF 
2.0 
Fig.13 
capacitor 
50 
pF 
5.0 


removal time 
120 
39 
- 
150 
- 
180 
- 
ns 
2.0 
t,em 
MAtoA, 
B 
24 
14 
- 
30 
- 
36 
- 
ns 
4.5 
Fig.7 


20 
11 
- 
26 
- 
31 
- 
ns 
6.0 


T 3mb (0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


maximum 
2 
5.9 
- 
1.8 
- 
1.3 
- 
MHz 
2.0 


f""" 
clock pulse 
10 
18 
- 
8 
- 
6.6 
- 
MHz 
4.5 
Fig.8; note 3 
frequency 
12 
21 
- 
10 
- 
8 
- 
MHz 
6.0 


maximum 
6 
24.8 
- 
4.8 
- 
4 
- 
MHz 
2.0 


f""" 
clock pulse 
30 
75 
- 
24 
- 
20 
- 
MHz 
4.5 
Fig.9; note 4 
frequency 
35 
89 
- 
28 
- 
24 
- 
MHz 
6.0 


1. One stage selected. 


2. It is possible 
to retrigger directly after the trigger pulse, however 
the pulse will only be extended, 
if the time period 
exceeds 
the clock input cycle time divided 
by 2. 


3. One stage selected. 
The termination 
of the output pulse remains 
synchronized 
with respect to the falling edge of 
the RS clock input. 


4. One stage selected. 
The termination 
of the output pulse is no longer synchronized 
with respect to the falling edge 


of the RS clock input. 


Programmable 
delay timer with 


oscillator 


For the DC characteristics 
see chaoter 
"HCMOS 
family characteristics", 
section 
"Family specification". 


Output capability: 
non-standard; 
bus driver with extended 
specification 
on VOH and VOL 
lee category: 
MSI. 


T amb (0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-0 to +125 
UNIT 
Vcc 
V, 
OTHER 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


HIGH level 


VOH 
output voltage 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
10= -20 ~A 
Q andQ 
outputs 


HIGH level 


VOH 
output voltage 
3.98 
4.32 
- 
3.84 
- 
3.7 
- 
V 
4.5 
10 = -6 mA 
Q andO 
outputs 


HIGH level 


VOH 
output voltage 
3.3 
- 
- 
3 
- 
2.7 
- 
V 
4.5 
10 = -20 mA 
Q andQ 
outputs 


LOW level 


VOL 
output voltage 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
10 = 20 ~A 
Q andQ 
outputs 


LOW level 


VOL 
output voltage 
- 
0.15 
0.26 
- 
0.33 
- 
0.40 
V 
4.5 
10 = 6 mA 
Q andQ 
outputs 


LOW level 


VOL 
output voltage 
- 
- 
0.9 
- 
1.14 
- 
1.34 
V 
4.5 
- 
10 = 20 mA 
Q andO 
outputs 


Programmable 
delay timer with 


oscillator 


Tam. 1°C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-0 to +125 
UNIT 
Vcc 
V, 
OTHER 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
IV) 


RS =GND; 


3.98 - 
- 
3.84 - 
3.7 
- 
V 
4.5 
OSC CON 
10 = -2.6 mA 


= Vee 


RS = Vee; 


3.98 
3.84 
3.7 
V 
4.5 
OSC CON 
10 = -0.65 mA 
- 
- 
- 
- 
=GND; 
HIGH level 


VOH 
output 
untriggered 


voltage 
RTe 
RS = Vee; 
output 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
OSC CON 
10 = -20 ~A 


= Vee 


RS = Vee; 


4.4 
4.5 
4.4 
4.4 
V 
4.5 
OSC CON 
10 = -20 !-LA 
- 
- 
- 
=GND; 
untriggered 


HIGH level 


RS = V'H; 
VOH 
output 
3.98 - 
- 
3.84 
- 
3.7 
- 
V 
4.5 
OSC CON 
10 = -3.2 mA 
voltage CTe 
output 
= V'H 


RS = Vee; 


LOW level 
- 
- 
0.26 
- 
0.33 
- 
0.4 
V 
4.5 
OSC CON 
10 = 2.6 mA 


VOL 
output 
= Vee 


voltage 
RTe 
RS = Vee; 
output 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
OSC CON 
10 = 20 !-LA 


= Vee 


LOW level 
RS = V'L; 


VOL 
output 
0.26 
0.33 
0.4 
V 
4.5 
OSC CON 
10 = 3.2 mA 
voltage 
CTe 
- 
- 
- 
- 


= V'L; 
output 
untriggered 


1. The RS input has CMOS input switching 
levels. 


2. The value of additional 
quiescent 
supply current (t..lecl for a unit load of 1 is given in the family specifications. 
To 
determine 
t..lee per input, multiply this value by the unit load coefficient 
shown in Table 1. 


Programmable 
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oscillator 


INPUT 
UNIT LOAD 
COEFFICIENT 


MR 
0.35 


A 
0.69 


B 
0.50 


RTR/RTR 
0.35 


OSC CON 
1.20 


So· S2 
0.65 


S3 
0040 


AC CHARACTERISTICS 
FOR 74HGT 


GND ; a V; t, ; t, ; 6 ns; CL 
; 50 pF. 


Tamb (0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 
to +85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 


tPLH/tpHL delay A, S to 
- 
28 
48 
- 
60 
- 
72 
ns 
4.5 
Fig.6 
a,a 


propagation 


tPHL/tpLH delay MR to a, 
- 
24 
41 
- 
51 
- 
62 
ns 
4.5 
Fig.? 
a 


propagation 


tpHL/tpLH delay RS to a, 
- 
32 
54 
- 
68 
- 
81 
ns 
4.5 
Fig.8; note 1 
a 


tTHL/tTLH 
output 
- 
7 
15 
- 
19 
- 
22 
ns 
4.5 
Fig.6 
transition 
time 


trigger 
pulse 


tw 
width 
21 
12 
26 
32 
4.5 
Fig.6 
A; 
HIGH 
- 
- 
- 
ns 


S; 
LOW 


master 
reset 
tw 
pulse width 
14 
5 
- 
18 
- 
21 
- 
ns 
4.5 
Fig.7 
HIGH 


clock pulse 
lw 
width 
RS; 
16 
9 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.8 
HIGH or LOW 


minimum 
output 
pulse 
tN 
width a; 
- 
100 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.6 


HIGH, a; 
LOW 


t" 
retrigger 
time 
- 
a 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.l0; 
note 2 
A,S 


Programmable 
delay timer with 
oscillator 


Tam. (OC) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


REXT 
external 
timing 
1 
- 
1000 
- 
- 
- 
- 
kQ 
4.5 
Fig.13 
resistor 


CEXT 
external timing 
50 
no limits 
pF 
4.5 
Fig.13 
capacitor 


~em 


removal 
time 
24 
14 
30 
36 
4.5 
Fig.7 
MR to A, B 
- 
- 
- 
ns 


maximum 
fmax 
clock pulse 
10 
18 
- 
8 
- 
6.6 
- 
MHz 
4.5 
Fig.8; note 3 
frequency 


maximum 
fmax 
clock pulse 
30 
75 
- 
24 
- 
20 
- 
MHz 
4.5 
Fig.9; note 4 
frequency 


1. One stage selected. 


2. It is possible 
to retrigger 
directly after the trigger pulse, however the pulse will only be extended, 
if the time period 
exceeds 
the clock input cycle time divided by 2. 


3. One stage selected. 
The termination 
of the output pulse remains 
synchronized 
with respect to the falling edge of 
the RS clock input. 


4. One stage selected. 
The termination 
of the output pulse is no longer synchronized 
with respect to the falling edge 
of the RS clock input. 


Programmable delay timer with 
oscillator 


B INPUT 
V 
(1) 


M 


10% 


90% 


A INPUT 
V 
(1) 


M 


GND 
tw 


ITHL 


i5 OUTPUT 
VM(l) 


Iw 


o OUTPUT 
VM(1) 


lTLH 


MGA653 


Fig.6 
Waveforms 
showing 
the triggering 
of the delay timer by input A or 8, the minimum 
pulse widths of the 
trigger inputs A and 8, the output pulse width and output transition 
times. 


Programmable 
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oscillator 


'"':'Wl 


'com 


-J 
trem \r 


'VM 


(1 
1 


~---- 


tPLH~t 


V 


- 


M 


-(1-1 
-------- 


-J tPH~r 


'VM(11 
~--------- 


Fig.? 
Waveforms 
showing the master 
reset (MR) pulse width, the master reset to outputs 
(0 and 0) 
propagation 
delays and the master 
reset to trigger inputs (A and El) removal time. 


Programmable 
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oscillator 


IpHL ,r 


\VM(1) 
------------- 


t PLH rr= 
f 


V 


M 


-(1)----------- 


____ 
. 
MG4651 


Fig.8 
Waveforms 
showing 
the Glock (RS) to outputs 
(Q and 0) propagation 
delays, the clock pulse width and 
the maximum 
clock frequency. 


Fig.9 
Waveforms 
showing 
the clock (RS) to outputs 
(Q and 0) propagation 
delays, the clock pulse width and 
the maximum 
clock frequency 
(Output waveforms 
are not synchronized 
with respect to the RS waveform). 


Programmable 
delay timer with 


oscillator 


A 
INPUT 
~~ 
f 


-J1twL 


B INPUT 


I 
rtrtj 


I 
L)~~ 
Ltw_: 


(1) 
HC: 
VM = 50%; V, = GND to Vcc' 
HCT: VM = 1.3 V; V, = GND to 3 V. 
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I 
max.A 
y 
1/ 


I 
1 
1 l-1p. 


I 
I 
X 
I 
I 
I 
I 
1 VI 
1/ 
A 


I 
III 
/ 
/' 
mIn. 


I 
I 
I 
/ 


1/ 
/ 
/ 
/ 
1/ 
V 
If 


I 


9 IS 


(mNV) 
12 


456 


VCC (V) 


Fig.11 
Test set-up for measuring 
forward 


transconductance 
gls = diJdv, at Vo is constant 


(see Fig.12) and MR ,= LOW. 


Fig.12 
Typical forward transconductance 
gls as 


a function of the supply voltage 
at 


Vcc at Tamb = 25 °G. 


lOS 


lose 


(Hz) 


10' 


R I (Q) 
106 


ell "F) 
10- 


1 


Gt curve at Rt = 100 ki1; R2 = 200 kil. 


Rt curve at Gt = 1 nF; R2 = 2 x Rl. 


RG oscillator 
frequency 
as a funct on of Rt and Gt at 


Vcc = 2 to 6 V; T amb = 25 °G. 


Typical formula for oscillator 
frequency: 


1 
fose= 
5 
R 
G 
2. 
x 
,x 
I 


Programmable 
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Timing 
Component 
Limitations 


The oscillator 
frequency 
is mainly 
determined 
by R,C" provided 
R2 = 


2R, and R2C2 «R,C,. 
The function 
of R2 is to minimize 
the influence 
of 


the forward voltage across the input 
protection 
diodes on the frequency. 


The stray capacitance 
C2 should be 
kept as small as possible. 
In 
consideration 
of accuracy,C, 
must 
be larger than the inherent 
stray 
capacitance. 
R, must be larger than 
the "ON" resistance 
in series with It, 


which typically 
is 280 Q at Vcc = 2 V, 


130 Q at Vcc = 4.5 V and 100 Qat 
Vcc = 6 V. The recommended 
values 
for these components 
to maintain 
agreement 
with the typical 


oscillation 
formula 
are: 


C, > 50 pF, up to any practical 
value, 


10 kQ < R, < 1 MQ. 


In order to avoid start-up 
problems, 


R,»1 
kQ. 


Typical 
Crystal 
Oscillator 


In Fig. 15, R2 is the power limiting 
resistor. For starting and maintaining 
oscillation 
a minimum 
transconductance 
is necessary, 
so 
R2 should not be too large. A 
practical 
value for R2 is 2.2 kQ. 
Above 
14 MHz it is recommended 


replacement 
of R2 by a capacitor 
with a typical value of 35 pF. 


Accuracy 


Device accuracy 
is very precise for 


long time delays and has an 
accuracy 
of better than 1% for short 


time delays (1% applies to values 
~400 ns). Tolerances 
are dependent 
on the external components 
used, 
either RC network 
or crystal 
oscillator. 


Start-up 
Using 
External 
Clock 


The start of the timing pulse is 
initiated 
directly 
by the trigger pulse 


(assynchronously 
with respect to the 
oscillator 
clock). Triggering 
on a 
clock HIGH or clock LOW results in 
the following: 


• clock = HIGH; 
the timing pulse 
may be 
lengthened 
by a 
maximum 
of tv/2 


(tw = clock pulse 
width) 


• clock = LOW; 
the timing pulse 
may be shortened 
by a maximum 
of 


tw/2 (tw = clock 
pulse width). 


This effect can be minimized 
by 
selecting 
more delay stages. When 
using only one or two delay stages, 
it is recommended 
to use an 


external time base that is 
synchronized 
with the negative-edge 


of the clock. 


Start-up 
Using 
RC Oscillator 


The first clock cycle is =35% of a 
time period too long. This effect can 
also be minimized 
by selecting 
more 


delay stages .. 


Start-up 
Using 
Crystal 
Oscillator 


A crystal oscillator 
requires at least 
two clock cycles to start-up plus an 
unspecified 
period (ms) before the 


amplitude 
of the clock signal 


increases 
to its expected 
level. 


Although 
this device also operates 
at lower clock amplitudes. 
it is 
recommended 
to select the 
continuously 
running mode 
(OSC CON = HIGH) to prevent 
start-up delays. 


Termination 
of the Timing 
Pulse 


The end of the timing pulse is 
synchronized 
with the falling edge of 
the oscillator 
clock. The timing pulse 


may lose synchronization 
under the 
following 
conditions: 


• high clock frequency 
and large 


number of stages are selected . 
This depends 
on the dynamic 
relationship 
that exists between 
the clock frequency 
and the 
ripple through delay of the 
subsequent 
stages. 


Synch ronization 


When frequencies 
higher than those 
specified 
in the Table 
'Synchronization 
limits' are used. the 
termination 
of timing pulse will lose 
synchronization 
with the falling edge 
of the oscillator. 
The unsynchronized 
timing pulse introduces 
errors, which 


can be minimized 
by increasing 
the 


number of stages used e.g. A 
20 MHz clock frequency 
using all 24 
stages will result in a frequency 
division of 16 777 225 instead of 16 
777 216, an error of 0.0005%. 


The amount of error increases 
at 


high clock frequencies 
as the 


number of stages decrease. 
A clock 
frequency 
of 40 MHz and 4 stages 


selected 
results in a division of 18 
instead of 16, a 12.5% error. 
Application 
example: 


• 
If a 400 ns timing pulse was 
required 
it would be more 


accurate 
to utilize a 5 MHz clock 
frequency 
using 1 stage or a 
10 MHz clock frequency 
using 2 
stages (due to synchronization 
with falling edge of the oscillator) 
than a 40 MHz clock frequency 
and 4 stages (synchronization 
is 


lost). 


Programmable 
delay timer with 
oscillator 


Minimum 
Output 
Pulse Width 


The minimum 
output pulse width is 
determined 
by the minimum clock 
pulse width, plus the maximum 
propagation 
delay of A, B to Q. The 
rising edge of Q is dominated 
by the 
A, B to Q propagation 
delay, while 
the falling edge of Q is dominated 
by 
RS to Q propagation 
delay. These 
propagation 
delays are not equal. 


The RS to Q propagation 
delay is 


some what longer, resulting 
in 


inaccurate 
outputs 
for extremely 
short pulses. The propagation 
delays are listed in the section 
'AC 
Characteristics'. 
With these 
numbers 
it is possible 
to calculate 


the maximum 
deviation 
(an example 
is shown in Fig.16). 
Figure 
16 is 
valid for an external 
clock where the 


trigger is synchronized 
to the falling 
edge of the clock only. The graph 
shows that the minimum 
programmed 
pulse width of 
100 ns is: 


• minimum 
of 4% too long 


• typically 
7% too long 


• maximum 
of 10% too long. 


NUMBER 
OF STAGES 
SELECTED 
CLOCK 
FREQUENCY 
(TYPICAL) 


1 
18 MHz 


2 
14 MHz 


3 
11 MHz 


4 
9.6 MHz 


5 
8.3 MHz 


6 
7.3 MHz 


7 
6.6 MHz 


8 
6 MHz 


17 
3.2 MHz 


18 
3.0 MHz 


19 
2.9 MHz 


20 
2.8 MHz 


21 
2.7 MHz 


22 
2.6 MHz 


23 
2.5 MHz 


24 
2.4 MHz 
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MR 
(from logic) 


I 


(~C 


1 
2 


R 
bias 
-+ 


100kilto 1 Mil 
OR2 
2.2 kil 
01--- 
I 
c,1'00PF 
J 


C3 
_~ 
22 toI37 pF 


Fig.15 
External components 
configuration 
for a 
crystal oscillator. 


I 
I 
I 


I 
I 
I 
1 
1 
I 
1 
I 
I 


I~ 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 


I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
I 
I 


1 
---+- 
I 


1 
I 
I 
I 
1 
I 
I 
I 


I 
ma.x. expected 


1 


:::J.-- typo expected 


I 


I 


I 
I 
I 
I 
min. expected 
I 
I 
' 
I 
I 
I 


I 
1 
I 
I 
I 
1 
I 
1 
1 
I 
1 


1 
\ 
I I I 
I 
I 
I I 
I 
1 
1 


I 
1\' 
I I I 
1 
I 
1 
1 
I 
I 
1 
I 
I 


I 
1\ ,,1-J-.I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 


I 
! 
I 
I~::t: 
Ii 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
U 


, 


~ 
36 


cg 
32 


'" 
";; 
'" 
"0 
28 


500 


programmed 
time 
(ns) 


Product 
specification 


Programmable 
rippl1ecounter with 


oscillator; 3-state 


• 8-pin space saving package 


• 
Programmable 
3-stage 
ripple 
counter 


• 8uitable 
for over-tone 
crystal 


application 
up to 50 MHz 
(Vee=5V±10%) 


• 3-state output buffer 


• Two internal capacitors 


• Recommended 
operating 
range 
for use with third overtone 
crystals 
3 to 6 V 


• Oscillator 
stop function 
(MR) 


• Output capability: 


bus driver ~ 
(15 L8TIL) 


• Ice category: 
M81. 


• Control counters 


• Timers 


• Frequency 
dividers 


• Time-delay 
circuits 


• CIO (Compact 
Integrated 
Oscillator) 


• Third-overtone 
crystal operation. 


GENERAL 
DESCRIPTION 


The HC/HCT6323A 
are high-speed 
8i-gate 
CM08 
devices. 
They are specified 
in compliance 
with JEDEC 
standard 
no. 7A. 


The HC/HCT6323A 
are oscillators 
designed 
for quartz crystal 
combined 
with a programmable 
3-state counter, a 3-state output 
buffer and an overriding 
asynchronous 
master reset (MR). 
With the two select inputs 81 and 
82 the counter 
can be switched 
in 


the divide-by-1, 
2. 4 or 8 mode. If 
left floating the clock is divided by 8. 
The oscillator 
is designed 
to operatE 
either in the fundamental 
or third 


overtone 
mode depending 
on the 
crystal and external components 


applied. 
On-chip 
capacitors 
minimize 
external component 
count 


for third overtone 
crystal 
applications. 


The oscillator 
may be replaced by 


an external 
clock signal at input X1. 


In this event the other oscillator 
pin (X2) must be floating. 
The 


counter 
advances 
on the 
negative-going 
transition 
of X1. A 
LOW level on MR resets the 


counter, 
stops the oscillator and sets 


the output buffer in the 3-state 
condition. 
MR can be left floating 
since an internal 
pull-up 
resistor will 


make the MR inactive. 
In the HeT 
version, 
the MR input and the two 


mode select pins 81 and 82 are TTL 
compatible, 
but the X1 input has 


CM08 
input switching 
levels and 


may be driven by a TIL 
output using 
a pull-up 
resistor connected 
to Vee. 


QUICK 
REFERENCE 
DATA 
GND = 0 V; T amb = 25°C; 
t, = tf = 6 ns. 


TYP. 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


propagation 
delay X1 
CL = 15 pF 
tPHJtPLH 
to OUT 
Vee = 5 V 
17 
17 
ns 
(81 = 82 = LOW) 


fma, 
maximum 
clock 
90 
90 
I MHz 
frequency 


C, 
input capacitance 
3.5 
3.5 
pF 
except X1 and X2 


+1; notes 
1 and 2 
54 
54 
pF 
power dissipation 
+2; notes 
1 and 2 
42 
42 
pF 
Cpo 
capacitance 
per 
36 
pF 
package 
+4; notes 
1 and 2 
36 


+8; notes 
1 and 2 
33 
33 
pF 


Notes 


Cpo is used to determine 
the dynamic 
power dissipation 
(Po in llW): 
Po = (Cpo X Vee2 x f;) + (CL + Vee2 x fo) + (Ipull-upX Vee) 
where: 
f, = input frequency 
in MHz. 


fo = output frequency 
in MHz. 


Vee = supply voltage 
in V. 


CL = output load capacitance 
in pF. 


Ipu'.up= pull-up currents 
in 11A. 


For HC and HCT an external 
clock is applied to X1 with: 
t, = t, 56 
ns, V, is GND to Vee• MR = HIGH 


Ipul.uPis the summation 
of -I, (llA) of 81 and 82 inputs at the LOW state. 


EXTENDED 
TYPE 
PACKAGE 


NUMBER 
PINS 
I 
PIN POSITION 
I MATERIAL I 
CODE 


74HC/HCT6323AD 
8 
I 
SO 
I 
plastic 
I 
SOT96 


Programmable 
ripple counter with 
oscillator; 3-state 


SYMBOL 
PIN 
DESCRIPTION 


OUT 
1 
counter output 


Sl - S2 
3, 2 
mode select inputs for divide by 
1,2,4 
or 8 


GND 
4 
ground (0 V) 


MR 
5 
master reset (active LOW) 


X2 
6 
oscillator 
pin 


Xl 
7 
clock input/oscillator 
pin 


Vcc 
8 
positive supply 


7~ 


~ 


INPUTS 
OUTPUTS 


Sl 
S2 
OUT 


0 
0 
f; 


0 
1 
f/2 


1 
0 
f;l4 


1 
1 
f/8 


S1 


2 
52 
OUT 


Programmable 
ripple counter with 
oscillator; 3-state 


X2-------- 


Xl- 


~ 
FF 
FF 
FF 
7pF T 
(1) 


vcc 
R 
R 
R 


Internal capacitors 
typical? 
pF each. Including 
stray capacitors 
on pin X1 and X2, total capacitance 
will be 


typical 
12 pF per pin. 


For the DC characteristics 
see chapter 
"HCMOS 
family Characteristics", 
section "Family Specifications". 


Output 
capability: 
non-standard: 
bus driver (except for X2) 


lee category: 
MSI. 


Voltages 
are referenced 
to GND (9round 
= 0 V). 


Tamb(°C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
25 
-40 to 85 
-40 
to 125 
UNIT 
Vcc 
VI 
OTHER 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


HIGH level 
1.5 
1.2 
- 
1.5 
- 
1.50 
- 
V 
2.0 


V'H 
input voltage 
3.15 
2.4 
- 
3.15 
- 
3.15 
- 
V 
4.5 
MR, X1 input 
4.2 
3.2 
- 
4.2 
- 
4.20 
- 
V 
6.0 


LOW level 
- 
0.8 
0.5 
- 


1 


0 


. 


5 
- 
0.5 
V 
2.0 


V'L 
inpu1 voltage 
- 
2.1 
1.35 
- 
1.35 
- 
1.35 
V 
4.5 
MR, X1 inpu1 
- 
2.8 
1.80 
- 
1.8 
- 
1.8 
V 
6.0 


Programmable 
ripple counter with 
oscillator; 3-state 


T ambl°C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
25 
-40 to 85 
-40 to 125 
UNIT 
Vcc 
VI 
OTHER 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
IV) 


Xl = GND 
10= -2.6 
3.98 
- 
- 
3.84 
- 
3.7 
- 
V 
4.5 
and MR = 
mA 
5.48 
- 
- 
5.34 
- 
5.2 
- 
V 
6.0 
Vee 
10= -3.3 
mA 


10= -2.6 


HIGH 
level 
3.98 
- 
- 
3.84 
- 
3.7 
- 
V 
4.5 
Xl = Vce and 
mA 


output 
5.48 
- 
- 
5.34 
- 
5.2 
- 
V 
6.0 
MR = GND 
10= -3.3 
VOH 
voltage X2 
mA 


output 
1.9 
2.0 
- 
1.9 
- 
1.9 
- 
V 
2.0 
X1 = GND 
-10 = 20 llA 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
and MR = 
10= -20 llA 
5.9 
6.0 
- 
5.9 
- 
5.9 
- 
V 
6.0 
Vee 
10= -20 llA 
1.9 
2.0 
- 
1.9 
- 
1.9 
- 
V 
2.0 
Xl = Vee and 
10= -20 llA 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
MR = GND 
10= -20 llA 
5.9 
6.0 
- 
5.9 
- 
5.9 
- 
V 
6.0 
10= -20 llA 


HIGH 
level 
1.9 
2.0 
- 
1.9 
- 
1.9 
- 
V 
2.0 
10= -20 llA 
VOH 
output 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
VIH or Vll 
10= -20 llA 
voltage OUT 
5.9 
6.0 
- 
5.9 
- 
5.9 
- 
V 
6.0 
10= -20 llA 


HIGH 
level 
3.98 
3.84 
3.7 
V 
4.5 
10= -6 mA 
VOH 
- 
- 
- 
- 
VIH or Vll 
10= -7.8 
output 
5.48 
- 
- 
5.34 
- 
5.2 
- 
V 
6.0 
voltage OUT 
mA 


LOW level 


VOL 
output 
- 
- 
0.26 
- 
0.33 
- 
0.4 
V 
4.5 
Xl = Vee and 
10= 2.6 mA 


voltage X2 
- 
- 
0.26 
- 
0.33 
- 
0.4 
V 
6.0 
MR = Vee 
10= 3.3 mA 
output 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
2.0 
X1 = Vec and 
10= 20 llA 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
MR = Vee 
10= 20 llA 


- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
6.0 
10= 20 llA 


LOW level 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
2.0 
10= 20 llA 


VOL 
ouput voltage 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
VIH or V1l 
10= 20 llA 
OUT 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
6.0 
10= 20 llA 


LOW level 
0.26 
0.33 
0.4 
V 
4.5 
10= 6 mA 
VOL 
output 
- 
- 
- 
- 
V1Hor Vll 
voltage OUT 
- 
- 
0.26 
- 
0.33 
- 
0.4 
V 
6.0 
10= 7.8 mA 


input leakage 
MR = Vee 


±Iu 
current Xl 
- 
- 
0.1 
- 
1 
- 
1 
llA 
6.0 
81 = Vec 
82 = Vee 


input pull-up 
see Fig.ll 
-II 
current 81, 
5 
30 
100 
- 
- 
- 
- 
llA 
6.0 
GND 
82 and MR 
and Fig.12 


Ice 
quiescent 
- 
- 
8 
- 
80 
- 
160 
llA 
6.0 
Vee or GND 
10=0 
supply current 


Programmable 
ripple counter with 
oscillator; 3-state 


AC CHARACTERISTICS 
FOR 74HC 
GND = 0 V; tr = ~ = 6 ns; CL = 50 pF. 


T amb (0G) 
TEST CONDITION 


SYMBOL 
PARAMETER 
25 
-40 to 85 
-40 to 125 
UNIT 
Vcc 
VI 
OTHER 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 
- 
61 
185 
- 
230 
- 
275 
ns 
2.0 
81 = GND 
tpHL/tpLH 
delay X1 to OUT 
- 
22 
37 
- 
46 
- 
55 
ns 
4.5 
Fig.7 
82 = GND 
divide by 1 
- 
19 
31 
- 
39 
- 
47 
ns 
6.0 


propagation 
- 
74 
235 
- 
290 


1= 


350 
ns 
2.0 
81 = GND 
tpHL/tpLH 
delay X1 to OUT 
- 
27 
47 
- 
58 
70 
ns 
4.5 
Fig.7 
82 = Vcc 
divide by 2 
- 
23 
40 
- 
49 
60 
ns 
6.0 


propagation 
- 
91 
285 
- 
355 
- 
425 
ns 
2.0 
81 = Vcc 


tpHL/tpLH 
delay X1 to OUT 
- 
33 
57 
- 
71 
- 
85 
ns 
4.5 
Fig.? 
82 = GND 
divide by 4 
- 
28 
48 
- 
60 
- 
72 
ns 
6.0 


propagation 
- 
105 
335 
- 
415 
- 
500 
ns 
2.0 
81 = Vcc 
tpHL/tpLH 
delay X1 to OUT 
- 
38 
67 
- 
83 
- 
100 
ns 
4.5 
Fig.7 
82 = Vcc 
divide by 8 
- 
32 
57 
- 
71 
- 
85 
ns 
6.0 


3-state 
output 
- 
75 
150 
- 
185 
- 
225 
ns 
2.0 


tpLZ/tPHl 
disable 
time 
- 
15 
30 
- 
37 
- 
45 
ns 
4.5 
Fig.8 


MR to OUT 
- 
13 
26 
- 
31 
- 
38 
ns 
6.0 


3-state output 
- 
36 
150 
- 
185 
- 
225 
ns 
2.0 
tplL 
enable 
time 
- 
13 
30 
- 
37 
- 
45 
ns 
4.5 
Fig.8 


MR to OUT 
- 
11 
26 
- 
31 
- 
38 
ns 
6.0 


3-state 
output 
- 
61 
200 
- 
250 
- 
300 
ns 
2.0 
tplH 
enable time 
- 
22 
40 
- 
50 
- 
60 
ns 
4.5 
Fig.8 
note 1 


MR to OUT 
- 
19 
34 
- 
43 
- 
51 
ns 
6.0 


output transition 
- 
14 
60 
- 
75 
- 
90 
ns 
2.0 


tTHL/tTLH time 
- 
5 
12 
- 
15 
- 
19 
ns 
4.5 
Fig.7 


- 
4 
10 
- 
13 
- 
15 
ns 
6.0 


clock pulse width 
50 
17 
- 
60 
- 
75 
- 
ns 
2.0 
tw 
X1. 
10 
6.0 
- 
12 
- 
15 
- 
ns 
4.5 
Fig.? 


HIGH or LOW 
9 
5 
- 
10 
- 
13 
- 
ns 
6.0 


master 
reset 
80 
22 
- 
100 
- 
120 
- 
ns 
2.0 
tw 
pulse width 
16 
8 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.9 


MR; LOW 
14 
7 
- 
17 
- 
20 
- 
ns 
6.0 
- 
100 
19 
- 
125 
- 
150 
- 
ns 
2.0 


~em 


removal 
time MR 
20 
7 
25 
30 
4.5 
Fig.9 
to X1 
- 
- 
- 
ns 
17 
6.0 
- 
21 
- 
26 
- 
ns 
6.0 


maximum 
clock 
10 
17 
- 
8 
- 
6.6 
- 
MHz 
2.0 


fma, 
pulse frequency 
50 
85 
- 
40 
- 
33 
- 
MHz 
4.5 
Fig.7 


59 
100 
- 
47 
- 
39 
- 
MHz 
6.0 


Programmable 
ripple counter with 
oscillator; 3-state 


For the DC characteristics 
see chapter 
"HCMOS 
Family Characteristics", 
section "Family Specifications". 


Output capability: 
bus driver (except for X2). 


Ice category: 
MS1. 


Voltages 
are referenced 
to GND (ground = 0 V). 


Tamb (0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
25 
-40 
to 85 
-40 to 125 
UNIT 
Vcc 
V, 
OTHER 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


HIGH level 
4.5 


V'H 
input voltage 
2.0 
- 
- 
2.0 
- 
2.0 
- 
V 
to 
MR, S1 and 
S2 inputs 
5.5 


LOW level 
4.5 
input voltage 


V'L 
MR, S1 and 
- 
- 
0.8 
- 
0.8 
- 
0.8 
V 
to 


S2 inputs 
5.5 


HIGH level 
3.15 
3.15 
3.15 
V 
4.5 


V'H 
input voltage 
- 
- 
- 
- 


X1 input 
3.8ti 
- 
- 
3.85 
- 
3.85 
- 
V 
5.5 


LOW level 
1.35 
1.35 
1.35 
V 
4.5 


V'L 
input voltage 
- 
- 
- 
- 


X1 input 
- 
- 
1.65 
- 
1.65 
- 
1.65 
V 
5.5 


X1 = 
3.98 
- 
- 
3.84 
- 
3.7 
- 
V 
4.5 
GND and 
10 = -2.6 
mA 
MR = Vec 


X1 = Vec 


HIGH level 
3.98 
- 
- 
3.84 
- 
3.7 
- 
V 
4.5 
and MR 
10= -2.6 
mA 


VOH 
output 
=GND 
voltage X2 
X1 = 
output 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
GND and 
10= -20 llA 
MR = Vee 


X1 = Vee 


4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
and MR 
10= -20 
mA 
=GND 


HIGH level 


VOH 
output 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
V'H or V'L 
10= -20 llA 
voltage OUT 


HIGH level 


VOH 
output 
3.98 
- 
- 
3.84 
- 
3.7 
- 
V 
4.5 
V'H or V'L 
10= -6 mA 
voltage OUT 


Programmable 
ripple counter with 
oscillator; 3-state 


T amb (OC) 
TEST CONDITION 


SYMBOL 
PARAMETER 
25 
-40 
to 85 
-40 to 125 
UNIT 
Vcc 
(V) 
V, 
OTHER 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 


X1 = Vcc 


LOW level 
- 
- 
0.26 
- 
0.33 
- 
0.4 
V 
4.5 
and MR 
10= 2.6 mA 


output 
= Vcc 
VOL 
voltage 
X2 
X1 = Vcc 


output 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
and MR 
10= 20 IlA 


= Vcc 


LOW level 


VOL 
output 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
V'H or V'L 
10= 20 IlA 
voltage 
OUT 


LOW level 


VOL 
output 
- 
- 
0.26 
- 
0.33 
- 
0.4 
V 
4.5 
V,H or V'L 
10= 6 mA 
voltage 
OUT 


MR= 


±ILI 
input leakage 
0.1 
1.0 
1.0 
IlA 
5.5 
Vcc; 
- 
- 
- 
- 
81 = Vcc; 
current 


82 = Vcc 


input pull-up 
see Fig.11 
-I, 
current 
81, 
5 
25 
100 
- 
- 
- 
- 
JlA 
5.5 
GND 
and Fig.12 
82 and MR 


Ice 
quiescent 
8 
80 
160 
IlA 
5.5 
Vee or 
10= 0 
supply current 
- 
- 
- 
- 
GND 


additional 
quiescent 
other inputs 
supply 
Vee or 
at 
61ee 
current 
per 
- 
100 
360 
- 
450 
- 
490 
IlA 
5.5 
GND 
Vee or GND; 


input pin for 
10= 0; 
unit load 
(note 1) 
coefficient 
is 1 


1. The value of additional 
quiescent 
supply current (6lecl for unit load of 1 is given in the family specifications. 


To determine 
61eeper input, multiply this value by the unit load coefficient 
shown in the table below. 


UNIT LOAD 
COEFFICIENT 


0.40 


Programmable 
ripple counter with 


oscillator; 3-state 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; t, = ~ = 6 ns; CL = 50 pF 


Tamb (0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
25 
-40 to 85 
-40 to 125 
UNIT 
Vcc 
VI 
OTHER 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 
delay Xl to 
24 
40 
50 
60 
4.5 
Fig.? 
81 = GND 


tpHL/tpLH 
OUT 
- 
- 
- 
ns 
82 = GND 


divide-by-l 


propagation 


tpHL/tpLH 


delay Xl to 
29 
50 
62 
?5 
4.5 
Fig.? 
81 =GND 


OUT 
- 
- 
- 
ns 
82 = Vcc 
divide-by-2 


propagation 
81 = Vcc 
tpHL/tpLH 
delay Xl 
OUT 
- 
35 
60 
- 
?5 
- 
90 
ns 
4.5 
Fig.? 
82 = GND 
to divide-by-4 


propagation 


I?O 
81 = Vcc 
tPHL/tpLH delay X1 OUT 
- 
40 
- 
87 
- 
105 
ns 
4.5 
Fig.? 
82 = Vcc 
to divide-by-8 


3-state 
output 


tpl2/tpHl 
disable 
time 
- 
21 
35 
- 
43 
- 
52 
ns 
4.5 
Fig.8 


MR to OUT 


3-state 
output 


1 


45 
tpl 
enable time 
- 
16 
30 
- 
3? 
- 
ns 
4.5 
Fig.8 
MR to OUT 


3-state 
output 


tpZH 
enable time 
- 
22 
38 
- 
4? 
- 
5? 
ns 
4.5 
Fig.8 
see note 1 
MR to OUT 


tTH/tTLH 
output 
- 
5 
12 
- 
15 
- 
19 
ns 
4.5 
Fig.? 
transition 
time 


clock pulse 


tw 
width X1, 
10 
6 
- 
12 
- 
15 
- 
ns 
4.5 
Fig.? 
HIGH or LOW 


master 
reset 
tw 
pulse width 
16 
8 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.9 
MR; LOW 


trem 
removal 
time 
24 
12 
30 
36 
4.5 
Fig.9 
MR toXl 
- 
- 
- 
ns 


maximum 
fmax 
clock pulse 
50 
85 
- 
40 
- 
33 
- 
MHz 
4.5 
Fig.? 
frequency 


Programmable ripple counter with 
oscillator; 3-state 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
11/ 


I 
I 
I 
Y 


I 
I 
I 
IA 
I 
I 
I 
I 
.A 
I 
I 
I 


I 
I 
I 
! 
I 


I 
I 
I 
1 


1 
I 
I 
I 


I 
I 
I 
I 
I 
I 


9 Is 


(mAN) 
20 


456 
vcc (V) 


Fig.5 
Test set-up for mez.suring forward 


transconductance 
g.. = diJdll; at Vo is constant 


(see also Fig.6); MF: = HIGH. 
Fig.6 Typical forward transconductance 
g,s as a 
function of the supply voltage Vcc at Tamo = 25 ·C. 


Xl 
INPUT ~"(l 
r 
J 
t PHL 
W 
...J 


I PLH 


OUT 
OUTPUT 


MBJl3rB 
ITHL 
-- 
tTLH 


Fig.? 
Waveforms 
showing 
'rhe clock (Xl) 
to output (OUT) propagation 
delays, 
the clock pulse width, the 
output transition 
times and the maximum 
clock frequency. 


OUTPUT 
LOW - 10- OFF 
OFF-to- 
LOW 


OUTPUT 


HIGH - to - OFF 
OFF - to - HIGH 


1. 
HC 


HCT 
v•...= 50%; VI = GND to Vcc. 


V•••.= 1.3 V; VI = GND to 3 V. 


Programmable ripple counter with 
oscillator; 3-state 


51- 
6323A 


~I 
M.= 


The input pull-up current is used to create a 
power-on 
delay time at MR. 


Fig.12 
Typical input pull-up current as a 


function 
of the supply voltage 
(Vccl. 


Fig.11 
Typical input pull-up current as a function 


of the input voltage 
(V,). 


f (MHz) 
R2(KQ) 
C1 (pF) 
I 
C2 (pF) 


1 
4.7 
47 
to 
68 


10 
2.2 
47 
to 
68 


25 
1 
33 
I 
33 


Table 2 Typical Application 
Values 


I 
f(~~Z) 
1__ 
R_b_i~_.~_KQ_) 
C_:_~P_/_)__ 


Programmable 
ripple counter with 
oscillator; 3-state 


r:- 


R 


b1as 


~6 
100 ~~to 
1 
R2 
22 
Of-- 
kn 


~~ ~OF 
C2 == 
100 pF 


Above 5 MHz replace 
R2 by a capacitor 
of half the 


value of C2. 
CL at which a crystal is specified 
(or adjusted) 
equals for this application 
C1 . C2IC1 + C2. 


Applicable 
for third overtone 
crystals 
(lower 
damping 
resistance 
at the third harmonic 


frequency) 
at typical 50 MHz. For lower 
frequencies 
extra load capacitors 
must be supplied. 


or increase 
bias resistor. 


Fig.13 
Typical setup for a crystal oscillator 


operating 
in the fundamental 
mode (1 MHz to 


25 MHz). 


Fig.14 
Typical set-up for a crystal oscillator 
operating 
in the third overtone 
mode without the 


use of an inductor. 


Programmable 
ripple counter with 
oscillator; 3-state 


Typical 
Crystal 
Oscillator 


In Fig.13, R2 is the power limiting 
resistor. For starting 
and maintaining 
oscillation 
a minimum 
transconductance 
is necessary, 
so 
R2 should not be too large. A 
practical 
value for R2 is 2.2 KQ. 


The oscillator 
has been designed 
to 
operate over a wide frequency 
spectrum, 
for quartz crystals 
operating 
in the fundamental 
mode 
and in the overtone 
mode. The 


circuit is a Pierce type oscillator and 
requires 
a minimum 
of external 
components. 
There are two on-chip 
capacitors, 
X1 and X2, of 
approximately 
7 pF. Together with 
the stray and inpu1 capacitance 
the 


value becomes 
12 pF for 8-pin SO 
packages. 
These values are 
convenient 
and make it possible to 


run the oscillator 
in the third 
overtone 
without 
external capacitors 
applied. 
If a certain 
frequency 
is 


chosen, 
the IC parameters, 
as 


forward transconductance, 
and the 


crystal parameters 
such as the 
motional 
resistances 
R1 
(fundamental), 
R3 (third overtone) 


and RS (fifth overtone), 
are of 
paramount 
importance. 
Also the 
values of the external 
components 
as Rs (series resistance) 
and the 


crystal load capacitances 
play an 


important 
role. Especially 
in 
overtone 
mode oscillations, 
Rb (bias 
resistance) 
and the load 
capacitance 
values are very 


important. 


Considerations 
for Fundamental 
Oscillator: 


In the fundamental 
oscillator 
mode, 


the Rb has only the function 
of 
biasing the inverter 
stage, so that it 
operates 
as an amplifier 
with a 
phase shift of approximately 
180°. 
The value must be high, i.e. 100 kQ 
up to 10 MQ. The load capacitors 
C1 and C2, must have a value that 
is suitable 
for the crystal being used. 


The crystal is designed 
for a certain 
frequency 
having a specific 
load 
capacitance. 
C1 can be used to trim 
the oscillation 
frequency. 
The series 
resistance 
reduces the total loop 
gain. One function 
of it is therefore 
to reduce the power dissipation 
in 
the crystal. 
Rs also suppresses 


overtone 
oscillations 
and introduces 
a phase shift over a broad frequency 
range. This is of less concern 
provided 
Rs is not too high a value. 


Note 


A combination 
of a small load 
capacitor 
value and a small series 
resistance, 
may cause a third 
overtone 
oscillation. 


Considerations 
for Third-overtone 
Oscillator: 


In the overtone 
configuration, 
series 
resistance 
is no longer applied. This 


is essential 
otherwise 
the gain for 


third overtone 
can be too small for 


oscillation. 
A simple solution to 


suppress 
the fundamental 


oscillation, 
is to spoil the crystal 
fundamental 
activity. 
By dramatically 


reducing 
the value of the bias 


resistor of the inverting 
stage, and 


applying 
small load capacitors, 
it is 


possible 
to have an insufficient 


phase in the total loop for 
fundamental 
oscillation. 
However 
the phase for third overtone 
is good. 


It can be explained 
by the Rb x C, 


time constant. 
During oscillation 
the 
crystal with the load capacitors 
cause a phase shift of 180°. 
Because 
Rb is parallel 
with the 


crystal (no Rs)' Rb spoils the phase 
for fundamental. 
Rb x C, must be of 


a value, that it is not spoiling the 
phase for third overtone 
too much. 


Because third overtone 
is a 3 times 


higher frequency 
than the 
fundamental, 
the Rb x C1 cannot 


'maintain' 
the higher third overtone 


frequency, 
which 
results in a less 


spoiled overtone 
phase. 


Hex non-inverting precision Schmitt-trigger 


• 
Operating 
voltage 
3 to 6 V 


• 
Output 
capability: 
st21ndard 


• 
category: 
SSI 


• 
Wave and pulse shapers 
for 


highly 
noisy 
environments 


The 74HC7014 is a high-speed 
Si-gate CMOS device. It is specified 
in compliance with JEDEC standard 
nO.7A. 


The 74HC7014 provides s x 
precision Schmitt-triggers 
with 


non-inverting 
buffers. It is capable of 
transforming 
slowly changing inp'Jt 


signals into sharply defined, 
jitter-free output signals. The 
precisely defined trigger le'leis are 
lying in a window between 
0.55 x Vee and 0.65 x Vee. This 
makes the circuit suitable to operate 
in a highly noisy environment. 
Inpi 
shorts are allowed to -1.5 
V and 
16 V without disturbing other 
channels. 


INPUT 
OUTPUT 


nA 
nY 


L 
L 


H 
H 


H = HIGH voltage level 
L 
= LOW voltage level 


QUICK REFERENCE 
DATA 


GND = 0 V; Tamb = 25 °C; t, = ~ = 6 ns 


SYMBOL 
PARAMETER 
CONDITIONS 
TYPICAL 
UNIT 


VT+ 


positive going 
CL = 50 pF 
3.1 
V 
threshold 
Vee = 5 V 


VT_ 
negative going 
2.9 
V 
threshold 


CI 
input capacitance 
3.5 
pF 


power dissipation 
notes 1 and 2 
Cpo 
capacitance 
per 
9 
pF 
gate 


Ice 
DC supply current 
3.0 
mA 


Notes to the quick 
reference 
data 
1. Cpo is used to determine the dynamic power dissipation (Po in >LW): 


Po = Cpo X Vee' x fi + r (CL x Vee' x fo) where: 
fi = input frequency in MHz; 
CL = output load capacity in pF; 


fo = output frequency in MHz; 
Vee = supply voltage in V; 


r (CL x Vee' x f,) = sum of outputs. 
2. 
For HC the condition is VI = GND to Vee. 


PACKAGE 
TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HC7014P 
14 
DIL 
plastic 
SOT27 


74HC7014T 
14 
SO 
plastic 
SOT108A 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,3,5,9,11,13 
1A to 6A 
data inputs 


2,4,6,8,10,12 
1Y to 6Y 
data outputs 


7 
GND 
ground (0 V) 


14 
Vee 
positive supply voltage 


Fig.5 Logic diagram (one 
SChmitt-trigger). 


For the DC output characteristics 
see chapter "HCMOS family characteristics", 
section "Family specifications". 
Except for recommended 
operating conditions the'7014' 
has a DC supply voltage from minimum 3 V to 


maximum 6 V. 
Transfer characteristics 
are given below. 


Output capability: standard 
Category: SSI 


TRANSFER 
CHARACTERISTICS 
FOR 74HC 


Voltages are referenced to GND (ground = 0 V) 


T'mb (0C) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 -40 to +125 UNIT 
Vcc 
VI 
OTHER 
MIN. TYP. MAX. MIN. MAX. MIN. 
MAX. 
(V) 
(V) 


- 
1.86 
1.95 
- 
1.95 
- 
1.95 
3.00 


positive-going 
- 
2.94 
3.08 
- 
3.08 
- 
3.08 
4.75 
VT+ 
threshold 
- 
3.10 
3.25 
- 
3.25 
- 
3.25 
V 
5.00 
Figs.6 and 7 


- 
3.25 
3.41 
- 
3.41 
- 
3.41 
5.25 


- 
3.72 
3.90 
- 
3.90 
- 
3.90 
6.00 


1.65 
1.74 
- 
1.65 
- 
1.65 
- 
3.00 


negative-going 
2.62 
2.76 
- 
2.62 
- 
2.62 
- 
4.75 


VT_ 
threshold 
2.75 
2.90 
- 
2.75 
- 
2.75 
- 
V 
5.00 
Figs.6 and 7 
2.89 
3.05 
- 
2.89 
- 
2.89 
- 
5.25 
3.30 
3.48 
- 
3.30 
- 
3.30 
- 
6.00 


50 
120 
- 
50 
- 
50 
- 
3.00 


hysteresis 
100 
180 
- 
100 
- 
100 
- 
4.75 


VH 
120 
200 
- 
120 
- 
120 
- 
mV 
5.00 
Figs.6 and 7 
(VT+ - 
VTJ 
130 
210 
- 
130 
- 
130 
- 
5.25 
160 
240 
- 
160 
- 
160 
- 
6.00 


Vce 


- 
- 
0.1 
- 
1.0 
- 
1.0 
~A 
or 


±I, 
input leakage 
GND 


current 
16 V 


- 
- 
0.5 
- 
5.0 
- 
5.0 
~A 
or 


GND 
- 
0.7 
1.4 
- 
1.8 
- 
2.1 
3.00 
lee 
DC supply current 
- 
3.0 
6.0 
- 
7.5 
- 
7.5 
mA 
5.25 


- 
3.7 
7.4 
- 
10.0 
- 
13.0 
6.00 


AC CHARACTERISTICS 
FOR 74HC 
GND = 0 V; t, = ~ = 6 ns; CL = 50 pF 


T'mb (OC) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 -40 to +125 UNIT 
Vcc 
WAVEFORMS 
MIN. TYP. MAX. MIN. MAX. MIN. 
MAX. 
(V) 


propagation 
- 
95 
475 
- 
600 
- 
715 
3.00 
tpHL 
delay 
- 
38 
115 
- 
145 
- 
175 
ns 
4.75 Fig.8 
nA, nB to nY 
- 
27 
73 
- 
93 
- 
112 
6.00 


propagation 
47 
175 
220 
- 
260 
3.00 


tPLH 
delay 
- 
23 
52 
- 
65 
- 
78 
ns 
4.75 Fig.8 
nA, nB to nY 
- 
18 
46 
- 
58 
- 
70 
6.00 


output transition 
12 
20 
- 
25 
- 
30 
3.00 


tTHL/tTLHtime 
- 
7 
15 
- 
19 
- 
22 
ns 
4.75 Fig.8 


- 
6 
13 
- 
16 
- 
19 
6.00 


VI-'1 '1- 
vo_1 
1_ 


Fig.? Waveforms showing the definition of VT., 
VT_ and VH• 


AA"'" fhJ:PHL 


nY OUTPUT 
M(l) 


'THL 


Fig.8 Waveforms 
showing the input (nA) to 


output (nY) propagation 
delay and the output 
transition times. 
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74HC/HCT7030 


LSI 


• 
Synchronous 
or asynchronous 
operation 


• 
3·state 
outputs 


• 
Master-reset 
input 
to clear 
control 


functions 


• 
33 MHz 
(typ.) 
shift·in, 
shift-out 


rates 
with 
or without 
flags 
• 
Very 
low power 
consumption 
• 
Cascadable 
to 25 MHz (typ.) 
• 
Readily 
expandable 
in word 
and 
bit dimensions 
• 
Pinning 
arranged 
for easy board 


layout: 
input 
pins directly 
oppo;ite 


output 
pins 


• 
Output 
capability: 
standard 
• 
ICC category: 
LSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT7030 
are high-speed 
Si-gate CMOS devices speeified 
in 


compliance 
with JEDEC 
standard 
no. ;'A. 


The 74HC/HCTl030 
is an expandable, 


First-In 
First-Out 
(FIFO) 
memory 
organized 
as 64 words by g bits. A 33 MHz 


data-rate 
makes it ideal for high-speed 


applications. 
Even at high frequencies, 
the 


ICC dynamic 
is very low Ifmax = 18 M ~z: 
VCC = 5 V produces 
a dynamic 
ICC of 


80 mAl. 
If the device is not continuously 
operating 
at fmax, then ICC will deerease 


proportionally. 
With separate 
controls 
for shift-in (51) and 


shift-out 
(SOl, reading and writing 


operations are completely 
independent, 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHLI 
I 


propagation 
delay 


MR to DIR and DOR 
21 
26 
ns 


tPLH 
SO to On 
CL = 15 pF 
36 
40 
ns 


maximum 
clock 
frequency 
VCC = 5 V 


fmax 
51 and SO 
33 
29 
MHz 


CI 
input capacitance 
3.5 
3.5 
pF 


Cp 
power dissipation 
notes 1 and 2 
660 
660 
pF 
capacitance per package 


Notes 


1. CPD is used to determine 
the dynamic 
power dissipation 
(PD in IlWI: 


PD = CPD x VCC' 
x fi + ~ (CL x VCC' 
x fa) where: 


fj 
= 
input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa = output 
frequency 
in MHz 
VCC 
= supply voltage in V 
E ICL x VCC' 
x fol = sum of outputs 
2. 
For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


28·lead 
DI L; plastic 
(SOT117). 


28-lead 
mini-pack; 
plastic 
(S028; 
SOT136A). 


allowing synchronous and asynchronous 
data transfers. Additional controls include 
a master·reset 
input (MRI and an output 
enable input (OEl. Flags for data-in-ready 
(DIRI and data-out-ready 
IDOR) indicate 
the status of the device. 


Devices can be interconnected easily to 
expand word and bit dimensions. 
All 
output 
pins are direetly 
opposite 
the 
corresponding 
input 
pins thus simplifying 


board 
layout 
in expanded 
applications. 


(continued 
on next page) 


FIFO64.9 
, 
15 
(lR1J 


b 
[ORI6 
,S 


00 
DE 
00 
24 


0, 
a, 
23 
G' 


0, 
a, 
22 
CT>O 
GS 


0, 
a, 
21 


0, 
a, 
'0 
Os 
as 
24 


'0 
I. 


23 


11 
o. 
a. 
I. 
22 
" 


0, 
a, 
J7 
21 


13 
D. 
a. 
I. 
'0 


51 
oaR 
25 
'0 
I. 
,. 
so 
OIR 
I. 
MR 


" 


J7 


27 
13 


" 
lZ220S6 


IZ220S1.1 


Fig. 2 
Logic symbol. 
Fig.3 
IEC logic symbol. 


74HC/HCT7030 


LSI l 
_ 


I PIN NO. 
I 
SYMBOL 
NAME AND FUNCTION 


1,2,14 
GND 
ground (0 VI 


3 
DIR 
data-in-ready output 


4 
SI 
shift·in input (LOW-to-HIGH, edge-triggered) 


5,6,7, 
8,9,10, 
DOto D8 
parallel data inputs 
11, 12, 13 


15 
OE 
output enable input (active LOW) 


24,23,22, 
21,20,19, 
00 to 08 
3-state parallel data outputs 
18,17,16 


25 
DOR 
data-out-ready output 


26 
SO 
shift-out input (HIGH-to-LOW, edge-triggered) 


27 
MR 
asynchronous 
master-reset 
input 
(active 
LOW) 


28 
VCC 
positive supply voltage 


Note to the pin description 


Pin 14 must be connected to GND. Pins 1 and 2 can be left floating or connected to 
GND, 
however 
it is not allowed 
to let current 
flow 
in either 
direction 
between 
pins 1, 


2 and 14. 


INPUT 


STAGE 


1 x9 Blrs 


MArl,! 
FIFO 


REGISTER 


62x9BITS 


OUTPUT 


STAGE 


1 x 9 BITS 
as 
19 


06 
IS 


Q7 
17 
as 
16 


• 
High-speed disc or tape controller 
• 
Video 
timebase 
correction 
• 
A/D output 
buffers 
• 
Voice synthesis 


• 
Input/output 
formatter 
for digital 
filters and FFTs 
• 
Bit-rate smoothing 


INPUTS AND OUTPUTS 


Data inputs (DOto D8) 


As there 
is no weighting 
of the 
inputs, 
any 


input can be assignedasthe MSB.The size 
of the FIFO memory can be reduced from 
the 9 x 64 configuration, i.e. 8 x 64, 
7 x 64, down to 1 x 64, by tying unused 
data input pins to VCC or GND. 


Data outputs (00 to 08) 


As there 
is no weighting 
of the outputs, 


any output can be assignedasthe MSB. 
The sizeof the FIFO memory can be 
reduced 
from 
the 9 x 64 configuration 
as 
described for data inputs. In a reduced 
format, 
the unused data output 
pins must 
be left open 
circuit. 


Master-reset(MRI 


When MR is LOW, the control functions 
within the FIFa are cleared, and data 
content 
is declared 
invalid. 
The 
data·in-ready (DIRI flag is set HIGH and 
the data-out-ready (OORI flag is set LOW. 
The 
output 
stage remains 
in the state of 
the last word that was shifted out, or in 
the random 
state existing 
at power-up. 


Status flag outputs (DI R, DOR) 


Indication of the status of the FIFO is 
given by two status flags, data·in-ready 
(DIR) and data-out-ready (OaR): 


DIR 
= HIGH indicates the input stageis 
empty and ready to acceptvalid 
data; 


DI R 
LOW indicates that the FIFO is 
full 
or that 
a previous 
shift-in 


operation is not complete (busyl; 


DOR 
HIGH assuresvalid data is present 
at the outputs 00 to 08 (does not 
indicate 
that 
new data 
is awaiting 
transfer into the output stage); 


DOR 
= 
LOW indicates the output stageis 
busy or there 
is no valid data. 


Shift-in control (SI) 


Data 
is loaded 
into the 
input 
stage on a 
LOW-to-HIGH transition of SI. A 
HIGH-to-LOW transition triggers an 
automatic 
data transfer 
process (ripple 
through). If SI is held HIGH during reset, 
data will be loaded at the rising edgeof 
the MR signal. 


Shift-out control ISOI 


A LOW-to-HIGH transition of SO causes 
the DOR flags to go LOW. A 
HIGH-to-LOW transition of SO causes 
upstream 
data to move into 
the output 


stage, and empty 
locations 
to move 
towards the input stage(bubble-up). 


(cont;nued on next page) 
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Output enable (OE) 


The outputs 00 to..Qa are enabled when 
OE = LOW. When OE = HIGH the 
outputs 
are in the high impedance 
OFF·state. 


Data input 


Following power·up, the master·reset (MR) 
input is pulsed LOW to clear the FIFO 
memory (see Fig. 8). The data·in·ready flag 
(DIR = HIGHI indicates that the FIFO 
input stage is empty and ready to recei'/e 
data. When DIR isvalid (HIGH!, data 
present at DO to 08 can be shifted-in using 
the 51 control 
input. With 51 = HIGH, data 
is shifted into the input stage and a busy 
indication 
is given by DI R going LOW. 


The data remains at the first locatien ir the 
FIFO until 51 is set to LOW. With 
51 = LOW data moves through the FIFO to 
the output 
stage, or to the last empty 
location. If the FI Fa is not full after the 
51 pulse, DIR again becomes valid (HIGH) 
to indicate 
that 
space is available 
in the 
FIFO. The DIR flag remains LOW ifth" 
FI Fa is full (see Fig. 6). The 51 pulse must 
be made LOW in order to complete the 
shift-in process. 


With the FIFO full, 51 can be held HIGH 
until a shift-out 
(501 pulse occurs. Then, 
following 
a shift·out 
of data, an empty 
location appears at the FI Fa input and 
DI R goes HIGH to allow the next data to 
be shifted·in. This remains at the first FI Fa 
location until 51 again goes LOW (see 
Fig. 71. 


Data transfer 


After data has been transferred from the 
input stage of the FI Fa following 
51 = LOW, data moves through the FIFO 
asynchronously 
and is stacked at the 
output end of the register. Empty locations 
appear at the input end of the FIFa as 
data 
moves through 
the device. 


Data output 


The data·out·ready 
flag (DOR = HIGH) 
indicates that there is valid data at the 
output 
(00 to..Qa). The initial master·reset 
at power·on (MR = LOW) sets DOR to 
LOW (see Fig. 8). After 
MR = HIGH, daH 
shifted into the FI Fa moves through to the 
output 
stage causing DOR to go HIGH. 


As the DOR flag goes HI GH, data can be 
shifted-out using the 50 control input. 
With SO = HIGH, data in the output stage 
is shifted 
out and a busy indication 
is given 


by DOR going LOW. When 50 is made 
LOW, data moves through the FIFO to fill 
the output stage and an empty location 
appears at the input stage. When the 
output stage is filled DOR goes HIGH, but 
if the last of the valid data hasbeen shifted 
out leaving the FIFO empty the DOR flag 
remains LOW (see Fig. 9). With the FIFO 
empty, the last word that was shifted·out 
is latched at the output 
00 to 08. 


With the FIFO empty, theW 
input can 


be held HIGH until the 51 control input is 
used. Following an 51 pulse, data moves 
through the FI Fa to the output stage, 
resulting in the DOR flag pulsing HIGH 
and a shift·out of data occurring. The 
SO control must be made LOW before 
additional data can be shifted out (see 
Fig. 101. 


High-speed burst mode 


If it is assumedthat the shift·in/shift-out 
pulses are not applied 
until 
the respective 
status flags are valid, it follows that the 
shift·in/shift·out 
rates are determined by 
the status flags. However, 
without 
the 
status flags a high·speed burst mode can be 
implemented. In this mode, the burst-in/ 
burst·out rates are determined by the 
pulse widths of the shift·in/shift·out 
inputs 
and burst rates of 35 MHz can be obtained. 
5hift pulsescan be applied without 
regard 
to the status flags but shift-in pulsesthat 
would overflow the storage capacity of the 
FIFO are not allowed (see Figs 11 and 12). 


Expanded format 


With the addition of a logic gate, the FIFO 
is easily expanded 
to increase word 
length 


(see Fig. 17). The basic operation and 
timing 
are identical 
to a single FIFO, 
with 
the exception of an additional gate delay 
on the flag outputs. 
If during application, 
the following occurs: 


• 
51 is held HIGH when the FIFO is 
empty. 
some additional 
logic is required 
to produce a composite DI R pulse (see 
Figs 7 and 18). 


• 
50 is held HIGH when the FIFO is full, 
some additional 
logic is required 
to 
produce a composite DOR pulse (see 
Figs 10 and 18). 


Due to the part·to·part 
spread of the ripple 
through time, the flag signals of FIFOA 
and FIF08 
will not always coincide and 
the AND·gate will not produce a 
composite flag signal. The solution is given 
in Fig. 18. 


74HC!HCT7030 


LSI 


The "7030" 
is easily cascaded to increase 
the word 
capacity 
and no external 
components are needed. In the cascaded 
configuration, 
all necessary 
communications 
and timing 
are performed 
by the FIFOs. The intercommunication 
speed is determined by the minimum 
flag 
pulse widths and the flag delays. The data 
rate of cascaded devices is typically 
25 MHz. Word·capacity can be expanded 
to and beyond 128·words x 9·bits (see 
Fig. 19). 


Notes to Fig. 5 Iseecontrol flip· flops) 


1. LOW on S input of flip·flops FS, FB and FP will set Q output to HIGH 
independent 
of state on R input. 
2. LOW on R input to FF 1 to FF64 will set Q output to LOW 
independent of state on 5 input. 
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74HC/HCT7030 


LSI 


For the DC characteristics 
see chapter 
"HCMOS family characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
LSI 


AC CHARACTERISTICS 
FOR 
74I-JC 


GND =OV;tr=tf=6 
ns;CL 
= 50pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
69 
210 
265 
315 
2.0 
25 
42 
53 
63 
ns 
4.5 
Fig. 8 
tPLH 
MR to DIR, DOR 
20 
36 
45 
54 
6.0 


tPHLI 
propagation 
delay 
77 
235 
295 
355 
2.0 
28 
47 
59 
71 
ns 
4.5 
Fig. 6 
tPLH 
SltoDIR 
22 
40 
50 
60 
6.0 


tpHLI 
propagation 
delay 
102 
315 
395 
475 


I ns 


2.0 
37 
63 
79 
95 
4.5 
Fig. 9 
tPLH 
SO to DOR 
30 
54 
67 
81 
6.0 


tPHLI 
propagation 
delay 
11 
35 
45 
55 
2.0 
4 
7 
9 
11 
ns 
4.5 
Fig. 10 
tpLH 
DOR to an 
3 
6 
8 
9 
6.0 


tPHLI 
propagation 
delay 
113 
345 
430 
520 
2.0 
41 
69 
86 
104 
ns 
4.5 
Fig. 14 
tpLH 
SO to an 
33 
59 
73 
88 
6.0 


propagation 
delay/ripple 
2.5 
8.0 
10 
12 
2.0 
tpLH 
through 
delay 
0.9 
1.6 
2.0 
2.4 
iJ.S 
4.5 
Fig. 10 
51 to DOR 
0.7 
1.3 
1.6 
1.9 
6.0 


propagation 
delayl 
3.3 
10.0 
12 
15 
2.0 
tPLH 
bubble·up 
delay 
1.2 
2.0 
2.5 
3.0 
iJ.S 
4.5 
Fig. 7 
SOtoDIR 
1.0 
1.6 
2.0 
2.4 
6.0 


tPZHI 
3·state output 
enable 
52 
175 
220 
265 
2.0 
19 
35 
44 
53 
ns 
4.5 
Fig. 16 
tpZL 
DE to an 
15 
30 
37 
45 
6.0 


tpHzI 
3·state 
output 
disable 
50 
150 
190 
225 
2.0 


tPLZ 
DE to an 
18 
30 
38 
45 
ns 
4.5 
Fig. 16 
14 
26 
33 
38 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 14 
tTLH 
6 
13 
16 
19 
6.0 


51 pulse width 
50 
14 


1 


65 
75 
2.0 
tw 
10 
5 
13 
15 
ns 
4.5 
Fig. 6 
HIGH or LOW 
9 
4 
11 
13 
6.0 


SO pulse width 
100 
33 
125 
150 
2.0 
tw 
20 
12 
25 
30 
ns 
4.5 
Fig. 9 
HIGH or LOW 
17 
10 
21 
26 
6.0 
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74HC/HCT7030 


LSI l 
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Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 
. 


01 R pulse width 
10 
47 
145 
8 
180 
8 
220 
2.0 


tw 
5 
17 
29 
4 
36 
4 
44 
ns 
4.5 
Fig. 7 
HIGH 
4 
14 
25 
3 
31 
3 
38 
6.0 


DO R pulse width 
10 
47 
145 
8 
180 
8 
220 
2.0 


tw 
5 
17 
29 
4 
36 
4 
44 
ns 
4.5 
Fig. 10 
HIGH 
4 
14 
25 
3 
31 
3 
38 
6.0 


MR pulse width 


1 


70 
22 
90 
105 
2.0 


tw 
14 
8 
18 
21 
ns 
4.5 
Fig. 8 
LOW 
12 
6 
15 
18 
6.0 


I 


removal 
time 
80 
24 
100 
120 
2.0 


trem 
MR toSI 
16 
8 
20 
24 
ns 
4.5 
Fig. 15 


14 
7 
17 
20 
6.0 


1 


set-up time 
-35 
-36 
-45 


I 


-55 


I 


1 
2 


. 
0 


tsu 
-7 
-13 
-9 
-11 
ns 
4.5 
Fig. 13 
On to 51 
-6 
-10 
-8 
-9 
6.0 


I 


hold time 
135 
44 
170 
205 


I 


2.0 


th 
27 
16 
34 
41 
ns 
4.5 
Fig. 13 
On to 51 
23 
13 
29 
35 
6.0 


maximum 
clock 
pulse 
9.9 
2.8 


1 24 
2.0 


fmax 
frequency 
30 
14 
12 
MHz 
4.5 
Figs 11 and 12 
51. SO burst mode 
36 
16 
14 
6.0 


maximum 
clock 
pulse 
9.9 
2.8 
24 
2.0 


fmax 
frequency 
30 
14 
12 
MHz 
4.5 
Figs 6 and 9 
51, SO using flags 
36 
16 
14 
6.0 


maximum 
clock 
pulse 
7.6 
2.2 
1.8 
2.0 


fmax 
frequency 
23 
11 
9.2 
MHz 
4.5 
Figs 6 and 9 


51, SO cascaded 
27 
13 
11 
6.0 


For the DC characteristics seechapter "HCM05 
family characteristics", 
section "Family 
specifications". 


Output capability: 
standard 
ICC category: L51 


Note to HCT types 


The value of additional 
quiescent SJpply current (6ICCI for a unit load of 1 is given in the family specifications. 
To determine 61CC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE 
1.00 
51 
1.50 
On 
0.75 


MR 
1.50 


50 
1.50 


D,,,mbee 
199D'I( 
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74HC/HCT7030 


LSI 


AC CHARACTERISTICS 
FOR 74HGT 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpH L/ 
propagation delay 
30 
51 
53 
63 
ns 
4.5 
Fig. 8 
tpLH 
MR to DI R, DOR 


tPHL/ 
propagation delay 
29 
49 
61 
74 
ns 
4.5 
Fig.6 


tPLH 
SI to DIR 


tPHL/ 
propagation delay 
39 
67 
84 
101 
ns 
4.5 
Fig.g 
tPLH 
SO to DOR 


tPH L/ 
propagation delay 
46 
78 
98 
117 
ns 
4.5 
Fig. 14 
tpLH 
SO to Qn 


tpH L/ 
propagation delay 
7 
12 
15 
18 
ns 
4.5 
Fig. 10 


tpLH 
DOR to Qn 


propagation delay/ripple 


11.6 
tPLH 
through delay 
0.9 
2.0 
2.4 
)'s 
4.5 
Fig. 10 


51 to DOR 


propagation delay/ 


tPLH 
bubble·up delay 
1.2 
2.0 
2.5 
3.0 
)'s 
4.5 
Fig. 7 
SO to DIR 


tpZH/ 
3-state output enable 
20 
35 
44 
53 
ns 
4.5 
Fig. 16 
tpZL 
OE to Qn 


tpHZ/ 
3-state output disable 
19 
35 
44 
53 
ns 
4.5 
Fig. 16 
tPLZ 
OE to Qn 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 14 


tTLH 


tw 
51 pulse width 
12 
6 
15 
18 
ns 
4.5 
Fig.6 
HIGH or LOW 


tw 
50 pulse width 
15 
9 
19 
22 
ns 
4.5 
Fig.9 
HIGH or LOW 


tw 
DIR pu Isewidth 
7 
22 
37 
6 
46 
6 
56 
ns 
4.5 
Fig. 7 
HIGH 


tw 
DOR pulse width 
6, 
20 
35 


I 


5 
44 
5 
53 
I 


ns 
4.5 
Fig. 10 
HIGH 


tw 
MR pulse width 
18 
10 
23 
27 
ns 
4.5 
Fig. 8 
LOW 


trem 
removal 
time 
18 
10 
23 
27 
4.5 
Fig. 15 
MR to 51 
ns 


tsu 
set·up time 
-5 
-16 
-4 
-4 
ns 
4.5 
Fig. 13 
Dn to 51 


th 
hold time 
30 
18 
38 
45 
4.5 
Fig. 13 
Dn to 51 
ns 


74HC/HCT7030 l 


LSI 


----------------------------------- 


Tamb (OCl 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


maximum 
clock 
pulse 
fmax 
frequency 
15 
26 
12 
10 
MHz 
4.5 
Figs 11 and 12 
51.50 burst mode 


maximum 
clock 
pulse 
fmax 
frequency 
15 
26 
12 
10 
MHz 
4.5 
Figs 6 and 9 
5I, SO using flags 


maximum clock pulse 


fmax 
frequency 
13 
22 
10 
8.6 
MHz 
4.5 
Figs 6 and 9 
5I, SO cascaded 


J 


Fig.6 
Waveforms 
showing 
the 51 input 
to OIR output 
propagation 
delay. 
The 51 pulse width 
and 51 maxi-"um 
pulse frequency. 


Notes to 
Fig. 6 


1. 01 R initially 
HIGH; 
FI FO is prepared 
for valid 
data. 
2.51 
set HIGH; 
data loaded 
into 
input 
st3ge. 


3. 01 R drops 
LOW, 
input 
stage "busy". 
4. SI set LOW; data from 
first 
location 
"ripple 
through". 
5. OIR goes HIGH, 
status 
flag indicates 
FIFO 
prepared 
for additional 
data. 
6. Repeat 
process to load 2nd word 
through 
to 64th 
word 
into 
FIFO. 
7. 01 R remains 
LOW; with 
attempt 
to shift 
into 
full 
FI FO, no data transfer 
occurs. 


1- 'PLH-- 
'w 


Fig. 7 Waveforms 
showing 
bubble-up 
delay, SO input 
to OIR output 
and 


01 R output 
pulse width. 


Notes to 
Fig. 7 


1. FIFO 
is initially 
full, 
shift-in 
is held 
HIGH. 


2. SO pulse; data in the output 
stage is un oaded, 
"bubble·up 
process of empty 
locations 
begins". 


3. OIR 
HIGH; 
when empty 
location 
reach,d 
input 
stage, flag indicates 
FIFO 
is prepared 
for data input. 


4. OIR 
retumsto 
LOW; 
FIFO 
isfull 
again. 


5.51 
brought 
LOW; 
necessary 
to complete 
shift-in 
process, DIR 
remains 
LOW, 
because 
FIFO 
is full. 


74HC!HCT7030 


LSI 


"I (january 
1988 


74HC!HCT7030 
Jl 
_LSI 
, 
'-- 
- 


AC WAVEFORMS 


Master reset applied 
with 
FIFO full 


Fig. 8 Waveforms showing the MR input to DI R, DOR output propagation 
delays and the MR pulse wielth. 


Notes to Fig. 8 


1. DIR LOW, output 
ready HIGH; assume FIFO is full. 


2. MR pulse LOW; clears FIFO. 
3. DI R goes HIGH; flag indicates input prepared for valid data. 
4. DOR drops LOW; flag indicates FIFO empty. 


x;:. 


Fig. g Waveforms showing the SO input to DIR output propagation delay. 
The SO pulse width and SO maximum pulse frequency. 


Notes to Fig. 9 


1. DOR HIGH; no data transf"r 
in progress. valid data is present at output stage. 


2. SO set HIGH; results in DOR going LOW. 
3. DOR drops LOW; output stage "busy". 
4. SO is set LOW; data in the input stage is unloaded, and new data replaces it asempty 


location "bubbles·up" 
to input stage. 


5. DOR goes HIGH; transfer process completed, valid data present at output after the 


specified propagation delay 
6. Repeat process to unload tre 3rd through to the 64th word from FIFO. 
7. DOR remains LOW; FIFO is empty. 


J,c,,,y 1988'I( 
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_is_t_e_r: 
__3_"_st_a_te 
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- 
IpLH 


f1ppl~through 


delay 


Fig. 
10 
Waveforms 
showing 
ripple 
through 
delay 51 input 
to OOR output, 
OaR 
output 
pulse width 
and propagation 
delay 
from 
the OaR 
pulse to 
the an 
output. 


Notes 
to 
Fig. 10 


1. FIFO 
is initially 
empty, 
50 is held 
HIGH. 
2.51 
pulse; 
loads data 
into 
FIFO 
and initiates 
ripple 
through 
process. 


3. OaR 
flag signals the arrival 
of valid 
data at the output 
stage. 
4. Output transition; data arrives at output stage after the specified propagation delay 
between 
the rising 
edge of the 
OaR 
pulse to the an 
output. 
5. OaR 
goes LOW; 
F I Fa 
is empty 
again. 
6.50 set LOW; 
necessary 
to complete 
shift-out 
process. 
OaR 
remains 
LOW, 
because 
FJ Fa 
is empty. 


Fig. 
11 
Waveforms 
showing 
51 minimum 
pulse width 
and 51 maximum 
pulse frequency, 
in high-speed 
srift-in 
burst 
mode. 


Note 
to 
Fig_ 11 


In the high-speed 
mode, 
the burst-in 
rate i,; determined 
by the minimum 
shift-in 
HIGH 
and shift-in 
LOW specifications. 
The 01 R ,;tatus flag is a don't 
care condition, 
and a 
shift-in 
pulse can be applied 
regardless of the flag. A 51 pulse which 
would 
overflow 
the 
storage 
capacity 
of the 
FIFO 
is ignored. 


74HC/HCT7030 


LSI 


74HC/HCT7030 


LSI 
l 
- 


J 


-,/fm,,- 
_·tw- 


VMlI1 


Fig. 12 
Waveforms 
showing 
SO minimum 
pulse width 
and maximum 


pulse frequency, 
in high·speed 
shift·out 
burst 
mode. 


Note 
to 
Fig. 12 


In the high-speed 
mode, 
the burst-out 
rate is determined 
by the minimum 
shift-out 


HIGH 
and shift·out 
LOW specifications. 
The DOR 
flag 
is a don't 
care condition 
and a 


SO pulse can be applied 
without 
regard to the flag. 


Note 
to 
Fig. 13 


The shaded areas indicate 
when 
the input 
is permitted 
to change 
for predictable 
output 


performance. 


f\ 
{\ 


I~ 
1~1 


Or'!OUTPUT 
(Ill 


IZ11065 
----·---'T-L-H--~fL 
'THL-- 
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74HC/HCT7030 


LSI 


90% 


OE 
INPUT 
VMCll 


10% 


a., 
OUTPUT 


LOW-IO·OFF 
OFF-IO-LOW 


an 
OUTPUT 


HIGH-IO-OFF 


OFF-to-HIGH 


M~"J__ 
OUIO\lts 


d,s"bled 


Fig. 15 Waveforms showing the MR input 
to SI input 
removal 
time. 


Note to AC waveforms 


(1) HC 
VM 
= 50%; VI = GND to VCC' 


HCT: 
VM = 1.3 V; VI = GND to 3 V. 


COMPOSITE 


aiR 


FLAli 


Do 
Qo 


aIR 
OQR 
7030 


51 
so 


Mil 
OE 


COMPOSITE 


OQR 


FLAG 


IL 


DIR 
oaR 


51 
so 


7030 


Mil 
OE 


DATA 
IN:)UT 
00 
Qo 
DATA 
OUTPUT 


7Z12061 


Note to Fig. 17 


The PC74HC/HCT7030 
is easily expandEd to increase word length. Composite DI Rand 
DOR flags are formed with the addition of an AN D gate. The basic operation and timing 
are identical to a single FIFO, with the e"ception 
of an added gate delay on the flags. 


Note 
to 
Fig. 18 


This circuit 
is only 
required 
if the SI input 
is constantly 
held 
HIGH. 
when 
the FIFO 
is empty 
and the automatic 
shift·in 
cycles 
are 
started 
or if SO output 
is constantly 
held 
HIGH, 
when 
the FIFO 
is full 
and the automatic 
shift-out 
cycles 
are started 
(see Figs 7 
and 10). 


Expanded 
format 


Fig. 
19 shows two 
cascaded 
FI FOs providing 
a capacity 
of 
128 words 
x 9 bits_ 
Fig. 20 shows the signals on the nodes of both 
FI FOs after 
the application 
of a SI pulse, when 
both 
FI FOs are intially 
empty. 
After 
a rippled 
through 
delay, 
data arrives at the output 
of FIFOA. 
Due to SOA 
being 
HIGH, 
a DOR 
pulse is generated. 
The requirements 
of SIB and Dn8 
are satisfied 
by the DORA 
pulse width 
and the timing 
between 
the rising 
edge of DORA 
and QnA. 
After 
a second 
ripple 
through 
delay, 
data arrives at the output 
of FIFOB. 
Fig. 21 shows the signals on the nodes of both 
FIFOs 
after 
the application 
of a SOB pulse, when 
both 
FI FOs are initially 
full. 
After 
a bubble-up 
delay 
a DIRB 
pulse is generated, 
which 
acts as a SOA pulse 
for 
FIFOA. 
One word 
is transferred 
from 
the output 
of 
FI FOA 
to the input 
of FI FOB' 
The requirements 
of the SOA 
pulse for 
FI FOA 
is satisfied 
by the pulse width 
of DORB. 
After 
a 
second 
bubble-up 
delay 
an empty 
space arrives 
at DnA, 
at which 
time 
01 RA goes HIGH. 


Fig. 22 shows the waveforms 
at all external 
nodes of both 
F I FOs during 
a complete 
shift·in 
and shift-out 
sequence. 


$1 
-----. 
SIA 
F~~gOA 


DIR 
OIRA 
QnA 


Note 
to 
Fig. 19 


The PC74HC/HCT7030 
is easily cascaded to increase word 
capacity 
without 
any external 
circuitry. 
In cascaded format, 
all necessary 


communications 
are handled 
by the 
=IFOs. 
Figs 17 to 
19 demonstrate 
the intercommunication 
timing 
between 
FIFOA 
and FIF08. 


Fig. 22 gives an overview 
of pulses and timing 
of two 
cascaded 
FIFOs, 
when 
shifted 
full 
and shifted 
empty 
again. 


JOC"'CY 19881( 
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Notes to Fig. 20 


1. FIFOA and FIFOB initially 
empty, SOA held HIGH in anticipation 
of data. 
2. Load one word into FI FaA; SI pulse applied, results in 01R pulse. 
3. Data out A/data 
in B transition; 
valid data arrives at FIFOA output stage after a 


specified delay of the OaR flag, meeling data input set·up requirements of FIFOB. 


4. DORA and SIB pulse HIGH; (ripple through delay after SIA LOW) data is unloaded 


from FI FaA-as a result of the data output 
ready pulse, data isshifted into FIFOB' 


5. 01 RB and SOA go LOW; flag indicates input stage of FI FOB is busy, shift-out of 
FIFa A is complete. 
6. 01RB and SO A go HIGH automatically; 
the input stage of FI FOB is again able to 


receive data, SO is held HIGH in anticipation 
of additional 
data. 
7. DaRB goes HIGH; (ripple through d,-Iay after SIB LOW) valid data is present one 


propagation delay later at the FI FOB output 
stage. 


74HC/HCT7030 
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74HC/HCT7030 


LSI 
l 
_ 


~~ 
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-- 


delay 
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Note 
to 
Fig. 21 


1. FIFOA 
and FIFOB 
initially 
full, 
SIB held 
HIGH 
in anticipation 
of shifting 
in new 


data as empty 
location 
bubbles-up. 


2_ Unload 
on~ord 
from 
FIFOB; 
SO pulse applied, 
results 
in OOR 
pulse. 
3.01 RB and SOA 
pulse 
HIGH; 
(bubble-up 
delay 
after 
SOB 
LOW) 
data 
is loaded 
into 


FIFOB 
asa result 
of the 
OIR 
pulse, 
data 
is shifted 
outof 
FIFOA_ 
4. DORA 
and SIB go LOW; 
flag indicates 
the output 
stage of FIFOA 
is busy, 
shift-in 


to 
F I FOB 
is complete_ 
5. DORA 
and SI B go HI G H; flag indicates 
val id data 
is again available 
at FIFO A output 


stage, SIB is held 
HIGH, 
awaiting 
bubble-up 
of empty 
location. 


6_ 01RA goes HIGH; 
(bubble-up 
delay 
after 
SOA 
LOW) 
an empty 
location 
is present 
at 


input 
stage of FIFOA' 


Note 
to application 
waveforms 


(1) 
HC 
VM = 50%; 
VI = GNO 
to VCC' 


HCT: 
VM = 1.3 V; VI = GNO 
to 3 V_ 
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9-bit x 54-word FI FO register; 3-state 
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sequence! 
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Note to Fig. 22 


Sequen~ 
(Both FIFOs empty, startin!1 shift-in process): 
After a MR pulse has been applied FIFCA and FIFOB are empty, The DOR flags of FIFOA and FIFOB go LOW due to no valid data 
being present at the outputs. The 01R flags are set HI GH due to the FIFOs being ready to accept data. SOB is held HIGH and two 
SIA pulses are applied (1), These pulses ,1I0w two data words to ripple through to the output stage of FIFOA and to the input stage 
of FIFOB (2), When data arrives at the output of FIFOB, a DORB pulse is generated (3), When SOB goes LOW, the first bit is shifted 
out and a second bit ripples through to the output after which DORB goes HIGH (4), 


Sequence ~I 
FOB runs full): 
After 
the MR pulse. a seriesof 64 51 pulses are applied. When 64 words are shifted in, DIRB remains LOW due to FIFOB being full 
(51. DORA goes LOW due to FIFOA being empty. 


Sequence 3 (FIFOA 
runs full): 


When 65 words are shifted in, DORA remains HIGH due to valid data remaining at the output of FIFOA. 0nA remains HIGH, being 
the polarity 
of the 65th data word (6), !"fter the 128th 51 pulse, 01R remains LOW and both FIFOs are full (7), Additional 
pulses 
have no effect. 


Sequence 4 (80th 
FIFOs full, starting shift-out process): 
SIA is held HIGH and two SOB pulses are applied (8), These pulses shift out two words and thus allow two empty locations to 
bubble-up to the input stage of FIFOB, and proceed to FIFOA (9). When the first empty location arrives at the input of FIFOA, 
a 01RA pulse is generated (10) and a neVi word is shifted into FI FOA. SIA is made LOW and now the second empty location reaches 
the input stage of FIFOA, 
after which 0 RA remains HIGH (11). 


Sequence 5 (FIFOA 
runs empty): 
At the start of sequence 5 FIFOA contai,s 
63 valid words due to two words being shifted out and one word being shifted in in 
sequence 4. An additional 
seriesof SOB pulses are applied. After 63 SOB pulses, all words from FIFO A are shifted into FIFOB' 


DORA remains LOW (12), 


Sequence 6 (FIFOB runs empty): 


Afterthe 
next SOB pulse, 01 RB remains HIGH due to the input stage of FIFOB being empty (131. After another 63 SOB pulses, 


DORB remains LOW due to both FIFOs ,eing empty (14), Additional 
SOB pulses have no effect. The last word remains available at 
the output 
On' 


____ 
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FEATURES 


• 
Low power consumption 
• 
Centre 
frequ ency 
up to 
17 MHz 
(tyP.) 
at VCC = 4.5 V 
• 
Choice 
of two 
phase 
comparators: 


EXCLUSIVE-OR; 
edge-triggered 
JK flip-flop; 


• 
Excellent 
VCO frequency 
linearity 


• 
VCO-inhibit 
control 
for ON/OFF 
keying 
and for low standby 
power consumption 
• 
Minimal 
frequency 
drift 
• 
Operation 
power 
supply 
voltag" 
range: 
VCO section 
3.0 to 6.0 V 
digital 
section 
2.0 to 6.0 V 
• 
Zero 
voltage 
offset 
due to op-arnp 


buffering 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCn046 
are high-speed 


si-gate 
CMOS devices and are specified 


in compliance 
with JEOEC standard 
no. 7. 


The 74HC/HCT7046 
are phase-Iocked·loop 


circuits 
that 
comprise 
a linear voltage- 
controlled 
oscillator 
(VCOI and two 


different 
phase comparators 
(PCl and 
PC21 with 
a common 
signal input 
amplifier 


and a common 
comparator 
input. 


A lock detector 
is provided 
and this gi'/es 


a HIGH level at pin 1 (lOI 
when the PLl 


is locked. 
The lock detector 
capacitor 
must be connected 
between 
pin 15 (ClO) 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


C1 =40pF 


fa 
VCO centre frequency 
R1 = 3 kfl 
19 
19 
MHz 


VCC = 5 V 


C, 
input capacitance 
(pin 5) 
3.5 
3.5 
pF 


CPO 


power 
dissipation 
notes 
1 and 2 
24 
24 
pF 


capacitance 
per package 


Notes 


1. Applies 
to the phase comparator 
section only (VCO disabledl. 


For power dissipation 
of VCO and demodulator 
sections 
see Figs 20,21 
and 22. 


2. CPO is used to determine 
the dynamic 
power dissipation 
(PO in p.W): 


Po = CPO x VCC' 
x fi + :!: (Cl x VCC' 
x fol 
where: 


fi = input frequency 
in MHz 
Cl 
= output 
load capacitance 
in pF 
fa = output 
frequency 
in MHz 
VCC = supply voltage in V 


:!: (Cl 
x VCC' 
x fol = sum of outputs 


PACKAGE 
OUTLINES 


16-lead Oil; 
plastic (SOT38CPI. 


16-lead mini·pack; plastic (S016; SOT109AI. 


and pin 8 (GNOI. The value of the ClO 
capacitor 
can be determined, 
using 


information 
supplied 
in Fig. 32 
The input 
signal can be directly 
coupled 
to large voltage 
signals, or indirectly 
coupled 
(with 
a series capacitor) 
to small 


voltage 
signals. A self-bias 
input 
circuit 


keeps small voltage 
signals within 
the linear 
region 
of the input 
amplifiers. 
With 
a 
passive low-pass 
filter, 
the "7046" 
forms 
a second-order 
loop PLL. The excellent 


VCO linearity 
is achieved by the use of 
linear 
op-amp 
techniques. 


(continued 
on next page) 


APPLICATIONS 


• 
FM modulation 
and demodulation 


• 
Frequency 
synthesis 
and 


multiplication 


• 
Frequency 
discrimination 


• 
Tone 
decoding 


• 
Data synchronization and 
conditioning 


• 
Voltage·to-frequency 
conversion 


• 
Motor-speed 
control 


PC' OUT 


COMPIN 
PC20UT 
13 
<I> 


0 
elL 
cLD 
15 
7046A 
PCl 


14 
SlG1N 


13 
Lo 
SIGN 
PC, 


COMP 
CLO 


15 


CIA 
CX 
Lo 


Cl, 
CX 


VCOOUT 
RX 
OEM 
n 
10 
R, 
vco 
12 


12 
R, 
RX 


OEMOUT 
10 
, n vco 
VCO 
:It 
4 
VCO'N 


5 It 
INH 


IN" 


1Z96081 


Fig. 2 Logic symbol. 
Fig. 3 
IEC logic symbol. 
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PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
LD 
lock 
detector 
output 
(active 
HIGH) 


2 
PC10UT 
phase comparator 
1 output 


3 
COMPIN 
comparator 
input 


4 
VCOOUT 
VCO 
output 


5 
INH 
inhibit 
input 


6 
C1A 
capacitor 
Cl connection 
A 


7 
C1B 
capacitor 
Cl 
connection 
B 
, 
B 
GND 
ground 
(0 V) 


9 
VCOIN 
VCO 
input 


10 
DEMOUT 
demodulator 
output 


11 
R1 
resistor Rl connection 


12 
R2 
resistor R2 connection 


13 
PC20UT 
phase comparator 
2 output 


14 
SIGIN 
signal input 


15 
CLD 
lock detector capacitor input 


16 
VCC 
positive 
supply 
voltage 


GENERAL 
DESCRIPTION 


VCO 


The vea requires 
one external 
capacitor 
C1 (between 
C1 A and C1 B) and one 


external 
resistor 
Rl 
(between 
Rl 
and 
GND) or two external resistors Rl and R2 
(between 
R1 and GND, 
and R2 and GNDI. 


Resistor R1 and capacitor Cl determine 
the frequency 
range of the VCO. 
Resistor 


R2 enables 
the VCO 
to have a frequency 
offset 
if required. 


The high 
input 
impedance 
of the VCO 
simplifies 
the design of low-pass 
filters 
by 
giving the designer a wide choice of 


resistor/capacitor 
ranges. 
In order 
not to 


load the low·pass 
filter, 
a demodulator 


output 
of the 
VCO 
input 
voltage 
is 
provided 
at pin 
10 (DEMOUTI. 
In contrast 
to conventional 
techniques 
where the 


DEMOUT 
voltage 
is one threshold 
voltage 
lower 
than 
the 
VCO 
input 
voltage, 
here 
the 
D EMOUT 
voltage 
equals 
that 
of the 
VCO 
input. 
If DEMOUT 
is used, a load 
resistor 
(RS) should 
be connected 
from 
DEMOUT 
to GND; 
if unused, 
DEMOUT 


should 
be left 
open. 
The 
VCO 
output 


(VCOOUT) 
can be connected 
directly 
to 
the comparator 
input 
(COMPINl. 
or 
connected 
via a frequency-divider. 
The 


VCO 
output 
signal has a duty 
factor 
of 
50% (maximum 
expected 
deviation 
1%). if 
the VCO 
input 
is held at a constant 
DC level. 


A LOW 
level at the 
inhibit 
input 
(INHI 
enables 
the VCO 
and demodulator, 
while 
a HIGH 
level turns 
both 
off 
to minimize 
standby 
power 
consumption. 


The only 
difference 
between 
the HC and 


HCT versions 
is the 
input 
level 
specification 
of the 
INH 
input. 
This 
input 
disables 
the 
VCO 
section. 
The 
comparators' 
sections are identical, 
so 
that 
there 
is no difference 
in the SIGIN 
(pin 
14) or COMPIN 
(pin 
3) inputs 


between 
the 
HC and HCT versions. 


Phase comparators 


The signal 
input 
(SIGIN) 
can be directly 
coupled 
to the self-biasing 
amplifier 
at 
pin 
14, provided 
that 
the signal swing is 
between 
the standard 
HC family 
input 
logic levels. Capacitive 
coupling 
is required 
for signals with 
smaller 
swings. 


Phase comparator 
1 (peT) 


This 
is an EXCLUSIVE-O 
R network. 
The 
signal and comparator 
input 
frequencies 
(fi) 
must 
have a 50% duty 
factor 
to obtain 
the maximum 
locking 
range. The transfer 
characteristic 
of PC1, assuming 
ripple 
(fr = 2fi) 
is suppressed, 
is: 


VDEMOUT 
= ~(;lsIGIN 
- 
ilCOMPIN) 


where 
VDEMOUT 
is the demodulator 
output 
at pin 
10; 


VDEMOUT 
= VPClOUT 
(via low-pass 
filter). 


c'.r1 


C',I 
c'. 
vccOUTl COMP'N 


I 


_-~1. 


5 


ideroticol 
to 
4046A 


i:,._ 
! 
------ 
7046.4. 


~ 
PC20UT 13 


Phase-locked-loop with lock detector 
J 


------ 


The 
phase comparator 
gain is: 


VCC 
Kp = -,,- 
(V/r). 


The average output 
voltage 
from 
PC1, fed 
to the VCO 
input 
via the low·pass 
filter 
and seen at the demodulator 
output 
at 
pin 
10 (VOEMOUTl. 
is the resultant 
of 
the phase differences 
of signals (SIG,N) 
and the comparator 
input 
ICOMPIN) 
as 
shown 
in Fig. 6. The average of VOEMOUT 
is equal 
to 
1/2 VCC when 
there 
is no s gnal 
or noise at SIGIN 
and with 
this input 
the 
VCO 
oscillates 
at the centre 
frequency 
If 0)' 
Typical 
waveforms 
for the PC1 loop 
looked 
at fa are shown 
in Fig. 7. 


The frequency 
capture 
range (2fc) 
is 
defined 
as the frequency 
range of inpu t 
signals on which 
the PLL 
will 
lock 
if it was 
initially 
out·of·lock. 
The frequency 
lock 
range (2fL) 
is defined 
as the frequency 
range of input 
signals on which 
the 100:> 
will stay locked 
if it was initially 
in loc<. 
The capture 
range is smaller 
or equal 
to 
the lock 
range. 
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PC, OUT 
2 
"'\ 
\ 
\\ 
.3 


CP 
o 
DOWN 
AD 


_Vec 
~ 
-GND 


Fig. 6 
Phase comparator 
1: average 


output 
voltage 
versus input 
phase 


di fference: 


VOEMOUT 
= VPClOUT 
= 


~(¢SIGIN 
- 
¢COMPIN) 


¢OEMOUT 
= I¢SIGIN 
- 
¢COMPIN)· 


Fig. 7 
Typical 
waveforms 
for 
PLL 
using 


phase comparator 
1, loop 
locked 
at fa. 
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With 
PC1, 
the capture 
range depends 
on 
the low-pass 
filter 
characteristics 
and can 
be made as large as the lock 
range. 
This configuration 
retains 
lock even with 


very noisy input 
signals. Typical 
behaviour 


of this type 
of phase comparator 
is that 
it 
can lock to input 
frequencies 
close to the 
harmonics 
of the VCO 
centre 
frequency. 


Phase campara 
cor 2 (PC2) 


This 
is a positive 
edge-triggered 
phase and 
frequency 
detector. 
When the PLL 
is 


using this comparator, 
the loop 
is 
controlled 
by positive 
signal transitions 
and the duty 
factors 
of SIGIN 
and 
COMPIN 
are not 
Important. 
PC2 


comprises 
two 
Ootype flip-flops. 
control·gating 
and a 3·state output stage. 
The circuit 
functions 
as an up·down 
counter 
(Fig. 
5) where 
SIGIN 
causes an 
up-eount 
and COMPIN 
a down-count. 


The transfer function 
of PC2. assuming 
ripple 
(fr = fi) 
is suppressed. 
is 


VOEMOUT 
= ~(9sIGIN 
- 
¢COMPIN) 


where 
VOEMOUT 
is the demodulator 
output 
at pin 
10; 


VOEMOUT 
= VPC20UT 
(via low-pass 
filter!. 


The 
phase comparator 
gain is: 


K 
= VCC 
(V/r). 
p 
4•. 


VOEMOUT 
is the resultant 
of the 
initial 


phase differences 
of SIGIN 
and COMPIN 


as shown 
in Fig. 8. Typical 
waveforms 
for 


the PC2 loop 
locked 
at fo are shown 
in 
Fig. 9_ 


When 
the 
frequencies 
of SI GIN 
and 
COMPIN 
are equal 
but 
the phase of SIGIN 


leads that 
of COMPIN. 
the p-type 
output 


driver 
at PC20UT 
is held 
"ON" 
for a time 
corresponding 
to the phase difference 
(<POEMOUT). 
When the phase of SIGIN 
lags that 
of COMPIN. 
the n-type 
driver 
is 
held 
"ON". 


When 
the frequency 
of SIGIN 
is higher 
than 
that 
of COMPIN. 
the p-type 
output 
driver 
is held 
"ON" 
for most of the input 
signal cycle 
time, 
and for the remainder 
of 


the cycle 
both 
nand 
p- type 
drivers are 
"OFF" 
(3-state). 
If the SIGIN 
frequency 
is lower 
than 
the COMPI N frequency. 
then 
it is the n-type 
driver 
that 
is held "ON" 
for 
most 
of the cycle. 
Subsequently. 
the 


Fig. 8 
Phase comparator 
2: average output 
voltage 
versus input 
phase difference: 


VOEMOUT 
= VPC20UT 
~ 


~(<PsIGIN 
- 
<PCOMPIN) 


<POEMOUT = (<PSIGIN - 
<PCOMPIN)· 


voltage 
at the capacitor 
IC21 of the 
low·pass 
filter 
connected 
to PC20UT 
varies until 
the signal and comparator 
inputs 
are equal 
in both 
phase and 
frequency. 
At this stable 
point 
the voltage 
on C2 remains 
constant 
as the 
PC2 output 


is in 3-state 
and the VCO 
input 
at pin 9 is 
a high 
impedance. 


Thus. 
for 
PC2. no phase difference 
exists 
between 
SIGIN 
and COMPIN 
over the full 
frequency 
range of the VCO. 
Moreover. 


the power 
dissipation 
due to the low-pass 
filter 
is reduced 
because both 
p and n-type 
drivers 
are "OFF" 
for 
most 
of the signal 
input 
cycle. 
It should 
be noted 
that 
the 


PLL 
lock 
range for 
this type 
of phase 
comparator 
is equal to the capture 
range 
and is independent 
of the 
low-pass 
filter. 


With 
no signal 
present 
at SIGIN 
the VCO 
adjusts, 
via PC2. 
to its lowest 
frequency. 


SL SL SL 
JL JL SL 


--.fl:: 
~ 
vcc 


!---highim~nceoFF.Rne 
GND 


Fig. 9 
Typical 
waveforms 
for 
PLL 
using phase 
comparator 
2. loop 
locked 
at fo. 
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74HC 
74HCT 


SYMBOL 
PARAMETER 
UNIT 
CONDITIONS 


min. 
typo 
max. 
min. 
typo 
max. 


VCC 
DC supply voltage 
3.0 
5.0 
6.0 
4.5 
5.0 
5.5 
V 


VCC 


DC supply voltage if 
2.0 
5.0 
6.0 
4.5 
5.0 
5.5 
V 
VCO section is not used 


VI 
DC input voltage rango 
I 0 
VCC 
0 
VCC 
V 


Va 
DC output voltage range 
0 
VCC 
0 
VCC 
V 


Tamb 
operating 
ambient 
temperature 
range 
I -40 
+85 
I 
-40 
+85 
·C 
see DC and AC 


Tamb 
operati ng ambient 
temperature 
range 
-40 
+125 
-40 
+125 
·C 
CHARACTER 
ISTICS 


1000 
VCC=2.0V 


tr• tf 
input rise and fall times (pin 5) 
6.0 
500 
6.0 
500 
ns 
VCC=4.5V 


400 
VCC=6.0V 


Limiting 
values in accordance with th" Absolute Maximum System (IEC 1341 


Voltages are referenced to GND (ground = 0 VI 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
CONDITIONS 


VCC 
DC supply voltage 
-0.5 
+7 
V 


±IIK 
DC input diode current 
20 
mA 
10rVI < -0.5 
Vor 
VI > VCC+0.5 
V 


±IOK 
DC output diode 
current 
20 
mA 
lor Va < -0.5 
Vor 
Va > VCC + 0.5 V 


±IO 
DC output 
source or sink 


I 


25 
mA 
lor -0.5 
V < Va < VCC + 0.5 V 
current 


±ICC; 
DC VCC or GND current 
50 
mA 
±IGND 


Tstg 
I storage temperature range 
-65 
+150 
·C 


power 
dissipation 
per I=ackage 
for temperature range: - 40 to +125·C 
74HC/HCT 


Ptot 
plastic 01 L 
750 
mW 
above +70 ·C: derate linearly with 12 mW/K 


plastic mini·pack (SOl 
500 
mW 
above +70 ·C: derate linearly with 8 mW/K 
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Quiescent 
supply 
current 


Voltages are referencedto GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
Vce 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 


min. I typo 
max. 
min. 
max. 
min. 
max. 


quiescent 
supply 
curmnt 
pins 3, 5, and 14 at VCC; 


Ice 
(VCO disabled) 
8.0 
80.0 
160.0 jJ.A 
6.0 
pin 9 at GND; II at pins 
3 and 14 to be excluded 


Phase comparator 
section 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


DC coupled 
1.5 
1.2 
1.5 
[ 
11.5 
2.0 


1 


VIH 
HIGH level input voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 


SIGIN, COMPIN 
4.2 
3.2 
4.2 
4.2 
6.0 


DC coupled 
0.8 
0.5 
0.5 
0.5 
2.0 


I 


VIL 
LOW level input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 
SIGIN. COMPIN 
2.8 
1.8 
1.8 
1.8 
6.0 


HIGH level output voltage 
1.9 
2.0 
1.9 
11.9 


I 


2.0 
I VIH 


1-10 
= 20jJ.A 


VOH 
LD. PCnOUT 


4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
1-10 
=20jJ.A 


5.9 
6.0 
5.9 
5.9 
6.0 
VIL 
-10=20jJ.A 


HIGH level output voltage 
3.98 
4.32 
3.84 


1 


3.7 
4.5 
I VIH 
-10 
=4.0mA 
VOH 
LD. PCnOUT 
5.48 
5.81 
5.34 
5.2 
V 
6.0 
or 
-10=5.2mA 
VIL 


LOW level output voltage 
0 
0.1 
0.1 
0.1 
2.0 
VIH 
10 = 20jJ.A 


VOL 
LD. PCnOUT 
0 
0.1 
0.1 
0.1 
V 
4.5 
or 
10=20jJ.A 


0 
0.1 
0.1 
0.1 
6.0 
VIL 
10=20jJ.A 


LOW level output voltage 
0.15 t 0.26 
0.33 
0.4 
4.5 
VIH 
10 =4.0mA 


VOL 
LD, PCnOUT 
0.1610.26 
0.33 
0.4 
V 
6.0 
or 
10 = 5.2 mA 
VIL 


3.0 
4.0 
5.0 
2.0 
VCC 
input 
leakage current 
7.0 
9.0 
11.0 
3.0 
±II 
SIGIN, COMPIN 
18.0 
23.0 
27.0 
jJ.A 
4.5 
or 


30.0 
38.0 
45.0 
6.0 
GND 


3·state 


1 
0 


. 
5 
VIH 
VO=VCeor 
±IOZ 
OFF·state current 
5.0 
10.0 
jJ.A 
6.0 
or 
PC20UT 
VIL 
GND 


input 
resistance 
800 
3.0 
V I at self-biasoperating 


RI 
SIGIN. eOMPIN 
250 
kl1 
4.5 
point; D.VI = 0.5 V; 


150 
6.0 
seeFigs 10, 11 and 12 


J,"",'Y 19861 ( 
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Tamb 1°C) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 


+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


HIGH level 
2.1 
1.7 
2.1 
2.1 
3.0 


VIH 
input 
voltage 
3.15 
2.4 
3.15 
3.15 
V 
4.5 


INH 
4.2 
3.2 
4.2 
4.2 
6.0 


LOW level 
1.3 
0.9 
0.9 
0.9 
3.0 


VIL 
input voltage 
2.1 
1.35 
1.35 
1.35 
V 
4.5 
INH 
2.8 
1.8 
1.8 
1.8 
6.0 


HIGH level 
2.9 
3.0 
2.9 
2.9 
3.0 
VIH 
-10 
= 20fJA 
VOH 
output voltage 
4.4 
4.5 
4.4 
4.4 
V 
4.5 
or 
-10=20fJA 
VCOOUT 
5.9 
6.0 
5.9 
5.9 
6.0 
VIL 
-10 
= 20fJA 


HIGH level 
3.98 
4.32 
3.84 
3.7 
4.5 
VIH 
-10 
=4.0 
mA 
VOH 
output voltage 
V 
or 
VCOOUT 
5.48 
5.81 
5.34 
5.2 
6.0 
VIL 
-10 
= 5.2 mA 


LOW level 
a 
0.1 
0.1 
0.1 
3.0 
VIH 
110=20fJA 
VOL 
output voltage 
a 
0.1 
0.1 
0.1 
V 
4.5 
or 
10=20fJA 
VCOOUT 
a 
0.1 
0.1 
0.1 
6.0 
VIL 
10 = 20fJA 


LOW level 
0.15 
0.26 
0.33 
0.4 
4.5 
VIH 
10=4.0mA 
VOL 
output voltage 
0.16 
0.26 
0.33 
0.4 
V 
6.0 
or 
10= 5.2 mA 
VCOOUT 
VIL 


LOW level output 
0.40 
0.47 
0.54 
4.5 
VIH 
10 =4.0mA 
VOL 
voltage Cl A, Cl B 
V 
or 
Itest pu rposes onIyI 
0.40 
0.47 
0.54 
6.0 
VIL 
10=5.2mA 


input 
leakage current 
VCC I 
~II 
INH, VCOIN 
0.1 
1.0 
1.0 
fJA 
6.0 
or 
GND, 


3.0 
300 
3.0 


I note 1 
Rl 
resistor 
range 
3.0 
300 
kil 
4.5 


3.0 
300 
6.0 


3.0 
300 
3.0 


R2 
resistor 
range 
3.0 
300 
kil 
4.5 
note 1 
3.0 
300 
6.0 


40 
3.0 


I 


Cl 
capacitor 
range 
40 
no 
pF 
4.5 


40 
limit 
6.0 


over the range 


operating voltage 


1.1 
1.9 
3.0 
specified for R1; 


VVCOIN 
1.1 
3.4 
V 
4.5 
for linearity 
see 
range at VCO IN 
1.1 
4.9 
6.0 
Figs 18 and 19. 


Note 


1. The parallel value of R1 and R2 should be more than 2.7 kil. Optimum 
performance is achieved when R1 and/or R2 are/is> 
10 kil. 
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Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


50 
300 
3.0 
at RS> 300 kU 


RS 
resistor range 
50 
300 
kU 
4.5 
the leakage current 
can 


50 
300 
6.0 
influence VOEMOUT 


offset voltage 


I 


,,30 
3.0 
VI = VVCOIN = 1/2 VCC; 


VOFF 
VCOIN to VOEMOUT 


,,20 
mV 
4.5 
values taken 
over RS range; 


.10 
6.0 
see Fig. 13 


dynamic 
output 
25 
3.0 


RO 
25 
U 
4.5 
VOEMOUT = 1/2 VCC 
resistance at OEMOUT 
25 
6.0 
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TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
58 
200 
250 
300 
2.0 


tpLH 
SIGIN. COMPIN 
21 
40 
50 
60 
ns 
4.5 
Fig. 14 
to PC10UT 
17 
34 
43 
51 
6.0 


tpZHI 


34state output enable 
74 
280 
350 
420 
2.0 


tpZL 
time SIGIN. COMPIN 
27 
56 
70 
84 
ns 
4.5 
Fig. 15 
to PC20UT 
22 
48 
60 
71 
6.0 


tpHzI 
3-state output disable 
96 
325 
405 
490 
2.0 


time SIGIN. COMPIN 
35 
65 
81 
98 
ns 
4.5 
Fig. 15 
tPLZ 
to PC20UT 
28 
55 
69 
83 
6.0 


tTHLI 


I 


19 
75 
95 
110 
2.0 


output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 14 
tTLH 
6 
13 
16 
19 
6.0 


AC coupled 
input 
sensitivity 
9 
2.0 


Vllp,p) 
(peak-to-peak value) at 
11 
mV 
3.0 
fi = 1 MHz 
15 
4.5 
SIGIN or COMPIN 
33 
6.0 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 to +85 
-40to+125 
V 


min. 
typ_ 
max. 
typo 
max. 
min. 
max. 


I 


frequency stability 
0.20 
3.0 
VI = VVCOIN = 1/2 VCC; 


D.f/T 
with 
temperature 
0.15 
%/K 
4.5 
R1 = 100 kl1; R2 =~; 
change 
0.14 
6.0 
C1 = 100 pF; seeFig. 16 


VCO centre frequency 
3.0 
10.0 
3.0 
VVCOIN = 1/2 VCC; 


fo 
(duty factor = 50%) 
11.0 
17.0 
MHz 
4.5 
R1=3kl1;R2=~; 


13.0 
21.0 
6.0 
C1 =40pF;see 
Fig. 17 


1.0 
3.0 
R1 = 100 kl1; R2=~; 


D.fVCO 
VCO frequency linearity 
0.4 
% 
4.5 
C1 = 100 pF; 


0.3 
6.0 
seeFigs 18 and 19 


50 
3.0 


5VCO 
duty factor at VCOOUT 
50 
% 
4.5 
50 
6.0 


74HC/HCT7046A 


MSI l 
_ 


Quiescent 
supply 
current 


Voltages are referenced to GND (ground ~ a V) 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


I SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 to +85 
-40to+125 
V 


I 
typ.1 max. I min. I max. 


I min. 
min. 
max. 


I 
quiescent 
supply 
current 


I 


160.011lA 


pins 3. 5 and 14 at VCC; 


'CC 
(VCO disabled1 
8.0 
80.0 
6.0 
pin 9 at GND; II at pins 
3 and 14 to be excluded 


additional 
quiescent 
supply 
current 
per input 
pin for 
4.5 
pins3and 
14 at VCC; 
61CC 
unit 
load coefficient 
is 1 
100 
360 
450 
490 
IlA 
to 
pin 9 at GND; II at pins 
(note 11 
5.5 
3 and 14 to be excluded 
V,=VCC-2.1V 


Note 


1. The value of additional 
quiescent 
supply 
current 
(6ICC) 
for a unit 
load of 1 is given above. 


Te determine 
~ICC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table below. 


I 


UNIT LOAD 
COEFFICIENT 


I 1.00 


J"",,y 1986!( 


Phase-locked-loop with lock detector 
J 
---- 


74HC/HCT7046A 


MSI 


Phase comparator 
section 


Voltages 
are referenced 
to GND 
(ground 
= 0 V) 


Tamb 
(OC) 
TEST 
CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 


+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


DC coupled 


VIH 
HIGH 
level input 
volta~)e 
3.15 
2.4 
V 
4.5 


I 
SIGIN. 
COMPIN 


DC coupled 


VIL 
LOW level input 
voltage 
2.1 
1.35 
V 
4.5 


SIGIN, 
COMPIN 
I 


HI G H level output 
volta<le 


I 


I 4.4 
VIH 


VOH 
LD, PCnOUT 
4.4 
4.5 
4.4 
V 
4.5 
or 
-10=20I'A 


VIL 


HIGH 
level output 
volta!le 
I 
VIH 


VOH 
LD, PCnOUT 
3.98 
4.32 


1 
3.84 
3.7 
V 
4.5 
or 
-10=4.0mA 


VIL 


I 


LOW level output 
voltage 
VIH 


VOL 
LD, PCnOUT 
0 
0.1 
0.1 
0.1 
V 
4.5 
or 
10=201'A 


VIL 


I 


LOW level output 
voltage 


0.26 


1 
0.33 
[ 


VIH 


VOL 
LD, PCnOUT 
0.15 
0.4 
V 
4.5 
or 
10 =4.0mA 


VIL 


I 


input 
leakage current 
VCC 


± II 
SIGIN, 
COMPIN 


30 
38 
45 
I'A 
5.5 
or 
GND 


3-state 
VIH 
Vo 
= VCC or 


±IOZ 
OFF-state 
current 
0.5 
5.0 
10.0 
I'A 
5.5 
or 


PC20UT 
VIL 
GND 


input 
resistance 
V I at self-bias 
operating 


RI 
SIGIN, 
COMPIN 
250 
kn 
4.5 
point;/IVI 
=0.5 
V; 


see Figs 10, 11 and 12 


74HC/HCT7046A 


MSI l 
- 


VCO section 


Voltages are referenced to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
VI 
OTHER 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
I min. 
max. 


HIGH level 
4.5 


VIH 
input voltage 
2.0 
1.6 
2.0 
2.0 
V 
to 
INH 
5.5 


LOW level 
4.5 


VIL 
input voltage 
1.2 
0.8 
0.8 
0.8 
V 
to 
INH 
5.5 


HIGH level 


1 
4 
. 
4 


VIH 


VOH 
output voltage 
4.4 
4.5 
4.4 
V 
4.5 
or 
-10 
= 20 IlA 
VCOOUT 
VIL 


HIGH level 


3.84 


1 


VIH 
VOH 
output 
voltage 
3.98 
4.32 
3.7 
V 
4.5 
or 
-10=4.0mA 
VCOOUT 
VIL 


LOW level 


I 


VIH 
VOL 
output voltage 
0 
0.1 
0.1 
0.1 
V 
4.5 
or 
10=201lA 
VCOOUT 
VIL 


LOW level 


I 
1 
0 


. 
33 


1 


1 


45 
VIH 
VOL 
output voltage 
0.15 
0.26 
0.4 
V 
or 
10=4.0mA 
VCOOUT 
I 
VIL 


LOW level output 


I 
I VIH 
/10 
=4.0 mA 
VOL 
voltage C1A. C1B 
0.40 
0.47 
0.54 
V 
4.5 
or 


(test purposes only) 
VIL 


input 
leakage current 


I 


VCC 
~ II 
INH. VCOIN 
0.1 
1.0 
1.0 
IlA 
5.5 
or 
GND 


R1 
I resistor range 
3.0 
300 
kn 
4.5 
note 
1 


R2 
resistor range 
3.0 I 
300 
I 
kn 
4.5 
I 


note 
1 


C1 
I 


capacitor range 
40 I 


no 
pF 
4.5 
limit 


over the range 


operating 
voltage 
specified for R1; 


VVCOIN 
range at VCOIN 


1.1 
3.4 
V 
4.5 
for 
linearity 
see 
Figs 18 and 19. 


Note 


1. The parallel value of R 1 and R2 should be more than 2.7 kn. Optimum performance is achieved when R1 and/or R2 are/is> 
10 kll. 


D~'mb" 
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Tamb 
(OCI 
TEST 
CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
I -40 
to +85 


UNIT 
VCC 
OTHER 


+25 
-40ta+125 
V 


min. 
typo 
max. 
J 
min. 
max. 
min. 
max. 


I 
I 
I 


at RS > 300 kn 


RS 
resistor range 
50 
300 
kn 
4.5 
the leakage current 
can 


influence 
VDEMOUT 


offset 
voltage 
±20 I 
I 
I 
I 


VI = VVCOIN 
= 1/2 VCC; 


VOFF 
mV 
4.5 
values taken over RS range; 


VCOIN 
to VOEMOUT 
I 
see Fig. 
13 


RO 
dynamic 
output 
25 
I 


n 
4.5 
VOEMOUT 
= 1/2 VCC 
resistance 
at OEMOllT 


74HC/HCT7046A 


MSI l 
_ 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max, 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
SIGIN. COMPIN 
21 
40 
50 
60 
ns 
4.5 
Fig. 14 
tpLH 
to PC10UT 


tPZHI 
3·state output enable 
time SIGIN. COMPIN 
27 
56 
70 
84 
ns 
4.5 
Fig. 15 
tpZL 
to PC20UT 


tPHzI 
3-state output disable 


I 


time SIGIN. COMPIN 
35 
65 
81 
98 
ns 
4.5 
Fig. 15 
tPLZ 
to PC20UT 


tTHLI 
output 
transition 
time 
I 


7 
15 
19 


1 
22 
ns 
4.5 
I Fig. 14 
tTLH 


AC coupled 
input sensitivity 


VI (p_p) 
(peak-to-peak valuel at 
15 
mV 
4.5 
fi = 1 MHz 


SIGIN or COMPIN 


Tamb (OCl 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
OTHER 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
typo 
max. 
min. 
max. 


frequency stability 
I VI = VVCOIN within 


MIT 
with temperature 
0.15 
%/K 
4.5 
recommended 
range; 


change 
R1 = 100 kl1; R2 =~; 
C1 = 100 pF;see Fig. 16b 


fo 
VCO centre frequency 
11.0 
17.0 


VVCOIN = 1/2 VCC; 
(duty factor = 50%) 
MHz 
4.5 
R1 = 3 kl1; R2 =00; 
C1 =40pF;see 
Fi9.17 


Rl = 100 kl1; R2 =00; 


MVCO 
VCO frequency linearity 
0.4 
% 
4.5 
Cl=100pF; 
seeFigs 18 and 19 


8VCO 
duty factor at VCOOUT 
50 
% 
4.5 
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74HC/HCT7046A 


MSI 


Fig. 10 Typical 
input resistance 
curve at SIGIN, 
COMPIN· 


1Z96036,l 
+60 


VOFF I~~ 
_ 


(mVI 
-'0 


1/2 Vec 
1/2 V~C+2 


VVCOlN 
(VI 


r'ov 
-.II 


1I2VCC-O,25 


- 
RS = 50 kil 


... 
RS = 300 kil 


Fig. 13 Offset voltage at demodulator 
output 
as 


a function 
of VCOIN and RS. 


l 
_ 


74HC/HCT7046A 


MSI 


~--=tL"- 


VMllt 


tTHL 
-- 
- 
-- 
tTLH 


Fig. 14 Waveforms showing input (SIGIN. COMPIN) 
to output 
(PC1OUT) propagation delays and the 
output 
transition 
times. 


1J:--- 
'PLZ 
IpZL 
__ 
__ 


'0" 


Fig. 15 Waveforms showing the 3-state enable and 
disable times for PC20UT. 


Note to AC waveforms 


(1) HC 
: VM = 50'10; VI = GND to VCC' 
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.25 
.f 
.f 


(') 
(') 


.20 


.,5 


.'0 


.5 


-10 
I ±J 


::H I BEE 
-50 
0 
+50 
+lQC 
+150 


Tornb 
(OC) 


I 
I 


/ 
/ 


I 
I 
I 


//, 


I 
' I 


I 
i I 


I 
:5 
~/ 


VCC- 
J V 


_I. 
' 
II ,?-01 
5 V--l---7, 


6Vf~h 
/: 
V 


I " 
~/.: /"6 V 


/'& 
I 


(;ft 
p~ 
~ ~,' 
~ ~/' 


I 
/1 
I 
I 


I 
I 
I 


I 
V~C;: I /Zll 
15 VHltJ 
V 


6 V-;-,r; 
5 V- 
I 
/1 


I 
l;fj/ 
V- 
: 
l, '/ 


I 
I ifl 


I 
I! 
/11 


i /;; 
I 


/If 


IIJ 
I 
II' 


1,1 
W! 
MI! 
0 
/ 
II/I, 


I 
I 
I 
, 
/1 
I 
I 
I 
I 


I 
I 
I 
I 


Fig.16 
Frequency 
stability 
0 f the 
VCO 
as a function 
of ambient 
temperature 
with supply 
volta~ 
as a parameter. 


-- 
""ithout 
offset 
(R2 
=~): 
(a1R1 
= 3 kn; 
(b1R1 
= 10 kn; 
(ciRl 
= 300 kn. 


- 
- 
- 
""ith offset 
(Rl 
= ~I; 
(a1R2 
= 3 kn; 
(b) R2 = 10 kn; 
lcl R2 = 300 kn. 
In (b), the frequency stcbility 
for Rl 
:: R2 =: 10 kn 
at 5 V is also given {curve 


AL This 
curve 
is set by the 
total 
VCO 
bias current, 
and 
is not 
simply 
the 


cddition 
of the two 
10 kn stability 
curves. Cl :: 100 pF; VVCO IN = 0.5 VCC' 


74HC/HCT7046A l 


MSI 


----------------------- 


7Z22346 
+25 
0' 
I 
I 


1%1 
I 
I 
I 
I 
I 
I 


.20 
I 
n 


II 
n 
+15 


I 
I 
I 


+10 
I 
I 
/ '\' 
I J 


I 
1// 
.;~. 
I 


.5 
I 
I 
If/ 
/ G 
I/,I 
5~ 


Ip 
I 'I 


o~ 
R 
y,/ 


-5 
:/ 
I 
I 
I 


I 
I 
IIN 


-10 


1 
I 
I 
I 
n 


I 
I 
i 
I 
I 
I 


-ISI 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
-20 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-25 


-50 
0 
+50 
"100 
.•.150 
T.m, 
(OCI 


'25 


Of 
I 
I 
I 


(", 
I 


.20 
I 
I 
I 
I Ii/III 


'15 
I 
I 
II 


t 
I 
I·CC 3. 
II 
! 


+10 


1 ~t:tW 
f!J 


/,Y/" 


I#" 
A 


~7 


-5 ~I 
I 


V, 
I 


-'0 II! 
I 


i 
I 


-15 
I 
I 
I 
I 
I 


I 
I 
I 


I 
/ I I. 


1/ ,/ / 
I 
I 
r; I 
! 
I 
/, 
I 


Jcc·;./I/I, 
I 
t 


~~: 
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I 
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I 
I 
I 
f, 
I 
I 


II 
I 
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I 
, 
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I 


Ii 
I 
I 


-5 
I 
If1 
I 
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I 
I I 
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,I 
I 
I 
I 


-'0 'i11 
; 
I 
i 
I 
, 
I 
I 
I 
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I 


-15, 
/ 
I 
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I 
I 
I 
I 
I 
: 
I 
I' 
I 
I 


-25 
I 
I! 
I 


-50 
0 
.50 
"'00 
.•.150 
I 


Tamo (OCI 


.25 
I 


Of 


1%1 


'20 


I 


.15 
I 
I 


+'0 
I 
t 


'5 
I 


I 


Note to Fig. 16 


To obtain 
optimum 
temperature 
stability, 
C, must be as small as possible, 
but larger than 
100 pF. 
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74HC/HCT7046A 


MSI 


Fig. 17 
Graphs showing 
VCO frequency 
(fVCO) 


as a function 
of the 
VCO input 
voltage 
(VVCOIN). 


74HC/HCT7046A 


MSI l 
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'" 
'" 
". 
/1 


y'" 
I 


I 
I 
I 
I-·v-I--.v-I 
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Fig. 18 
Definition 
of VCO frequency 
linearity: 


6 V = 0.5 V over the V CC range: 


for VCO linearity 


, 
f1 ~ f2 
fO=-2-' 


f'O- 
fO 


linearity 
=--f'-O-x 
100"1, 


I 
II 
III 
I 
!,I 
II', 
'd 
" 
".' 


-....... 
,II 
III 


'X 
I~ 
"- 
I 
I11I 


, 
, 
" 
vcc-I 
I I 
'I!'~L... 
~n-' } 
6.0V 


I 
!Ili 
1'-' 
-"::}4.5V 


, 
3.0V 


I 
I 
Iii 
"III 
, 
, 
II 


I 
I 
, 


" 


Fig. 20 
Power 
dissipation 
versus the 
value of 
R1: CL = 50 pF; 
R2 =~; 


VVCOIN 
= 1/2 VCC; Tamb 
= 25°C. 
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Fig. 19 
Frequency 
linearity 
as a function 
of R 1, 


Cl 
and VCC: 
R2 =~and6V 
=0.5 
V. 


10° 


7296050 


'R2 
, " 
, 


I~WI 
II 
I 
I 
I Iii 
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I 
III 
! !ll!! 
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Fig. 21 
Power 
dissipation 
versus the 
value of R2: CL = 50 pF; 
Rl 
=~; 


VVCOIN 
= GND 
= 0 V; Tamb 
= 25°C. 


Fig. 22 
Typical 
de power 
dissipation 
of 


demodulator 
section 
as a function 
of RS: 


R 1 = R2 = ~; T amb = 25 °C; 


VVCOIN 
= 1/2 VCC· 
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APPLICATION 
INFORMATION 


This information 
is a guide for the 
approximation 
of values of external 
components 
to be used with the 
74HC/HCT7046 
in a phase-Iock·loop 


system. 


References 
should 
be made to Figs 27. 


28 and 29 as indicated 
in the table. 


VCO frequency 
without 
extra 
offset 


VCO frequency 
with extra 
offset 


74HC/HCT7046A 


MSI 


Values of the selected 
components 
should 
be within 
the following 
ranges: 


R1 
between 
3 k.l1 and 300 k.l1; 


R2 
between 
3 k.l1 and 300 k.l1; 


R1 + R2 
parallel value> 
2.7 k.l1; 


C1 
greater than 40 pF. 


VCO frequency 
characteristic 


With R2 = ~ and R1 within the range 3 k.l1 < R1 < 300 k.l1, the characteristics 
of 


the VCO operation 
will be as shown in Fig. 23. 
(oue to R1, C1 time constant 
a small oftset 
remains when R2 = ~.) 


VCC-O.9V 
vce 


VC01N 


Fig. 23 
Frequency 
characteristic 
of vea operating 
without 


offset: 
fa = centre 
frequency; 
2fL = frequency 
lock range. 


Selection 
of R 1 and C1 


Given fa, determine 
the values of R1 and C1 using Fig, 27. 


Given fmax and fa, determine 
the values of Rl and Cl using Fig. 27, use Fig. 29 to 
obtain 
2fL 
and then 
use this to calculate 
fmin. 


VCO frequency 
characteristic 


With Rl and R2 within 
the ranges 3 k.l1 < 
Rl < 300 k.l1, 3 k.l1 < R2 < 300 k.l1, 


the characteristics 
of the VCO operation 
will be as shown 
in Fig. 24. 


VCC-O.9V 
lice 


VC01N 


Fig. 24 
Frequency 
characteristic 
of VCO operating 
with 
offset: 
fa = centre 
frequency; 
2fL = frequency 
lock range. 


Selection 
of R1, R2 and Cl 


Given fa and fL, determine 
the value of product 
R1Cl 
by using Fig. 29. 


Calculate 
foff from the equation 
foft = fa - 
1_6fL· 


Obtain 
the values of C1 and R2 by using Fig. 28. 


Calculate 
the value of R1 from the value of C1 and the product 
R1C1. 
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SUBJECT 
PHASE 
DESIGN 
CONSIDERATIONS 
COMPARATOR 


PLL 
conditions 
PCl 
VCO 
adjusts 
to fo with 
<PDEMOUT = 90' and VVCOIN 
= 1/2 VCC 
Isee Fig. 6). 


with 
no signal at 


VCO 
adjusts 
to fo with 
<PDEMOUT = - 360' 
and VVCOIN 
= min. 
(see Fig. 81. 
the SIGIN 
input 
PC2 


PLL 
frequency 
PC1, PC2 
Loop 
filter 
component 
selection 


capture 
range 


R3 
"'""~ 


~ 
INP:-=:r=UT 


w 


7296053 


(al 
T= 
R3xC2 
(bl 
amplitude 
characteristic 
Icl 
pole-zero 
diagram 


A small capture 
range 12fcl 
is obtained 
if 2fc '" lhr 
1v'21TfL!T! 


Fig. 25 
Simple 
loop 
filter 
for 
PLL 
without 
offset; 
R3 ;;, 500 n. 


R3 


~ 
=:r= ""~r1\-" 


INPUT 
OUTPUT 
e'l 
I 
m"~ 


1/7'3 
1I.T'2 
w 
7296054 


tal 
Tl = R3 x C2; 
Ibl 
amplitude 
characteristic 
(cl 
pole·zero 
diagram 


T2 = R4 x C2; 
T3 = I R3 + R41 x C2 


Fig. 26 
Simple 
loop 
filter 
for 
PLL 
with 
offset; 
R 3 + R4;;' 
500 n. 


PLL 
locks 
on 
PCl 
I 
yes 


harmonics 
at 
I 
centre frequency 
PC2 
no 


noise rejection 
at 
PCl 
high 
I 
signal input 


I 
PC2 
low 
I 


AC ripple 
content 
PCl 
fr = 2fi, 
large ripple 
content 
at <PDEMOUT = 90' 


when 
PLL 
is 
locked 
PC2 
fr = fi, small 
ripple 
content 
at <PDEMOUT = a' 
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Fig. 27 Typical value of VCO centre frequency (fol as 
a function of Cl: 
R2 =~; VVCOIN = 1/2 VCC; 


INH = GND; Tamb = 25 ·C. 


Notes to Fig. 27 


1. To obtain optimum VCO performance, Cl must be assmall aspossible but larger than 100 pF. 
2. I nterpolation 
for various 
values of F 1 can be easily calculated 
because, 
a constant 
R 1C 1 product 
will 
produce 
almost 
the same VCO 
output 
frequency. 
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Fig. 28 Typical 
value of frequency 
offset as a function 


of Cl: 
Rl =~; 
VVCOIN 
= 1/2 VCC; INH = GND; 


Tamb = 25°C. 


Notes to Fig. 28 
1. To obtain 
optimum 
VCO performance, 
Cl must be as small as possible but larger than 100 pF. 
2. Interpolation 
for various 
values of R2 can be easily calculated 
because, a constant 
R2C2 
product 
will 
produce 
almost 
the same VCO 


output 
frequency. 
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Fig. 29 Typical frequency lock range (2fLI 
versus the 
product 
R1Cl: 
VVCOIN 
range = 0.9 to (VCC 
- 
0.9) V; 


R2 = ~; 
VCO 
gain: 


Kv = __ 
2_f_L__ 
21T(rlslV). 


VVCOIN 
range 


l__ 
--=---- 
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Lock-detection 
circuit 


The built-in 
lock-detection 
circuit will 
only 
work 
when 
used in conjunction 
with 
the phase comparator PC2. The 
lock-indication 
is derived from the phase 
error between SIGIN and COMPIN. The 
PC2 has a typical phase error of zero 
degrees over the entire VCO operating 
range. 
However, 
to remain 
in-lock 
the 
circuit 
requires some small adjustments. 
The 
variation 
is dependent 
on the loop 
parameters and back-lash time (typically 
5 ns). Depending on the application, 
the 
phase error 
can be defined 
as the 
limit, 


a phase error of greater 
magnitude 
would 
be considered out-of-Iock. 
An example of 
an in-lock 
detection 
circuit 
using the 
"7046A" 
is shown in Fig. 30. 


If the PLL is in-lock, only very small 
pulses will come 
from 
the "up" 
or "down" 
connections of PC2. These pulses are 
filtered out by a RC network. A Schmitt 
trigger produces a steady state level, a 
HIGH level indicates an in-lock condition 
and a pulsed output 
indicates 
an 
out-of-Iock condition 
as shown in Fig. 31. 
Note to Fig. 30 


(1) See Fig. 31 for input waveform. 
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Where: 


CLD = capacitor connected to pin 15 


(includes the parasitic input capacitance of the IC, approximately 3.5 pF). 


tLD 
= phasedifference between SIGIN and COMPIN (positive-going edgesI. 
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The 
maximum 
permined 
phase error 
must 
be defined, before tLD can be defined using 
the following formula: 


4>max 
1 
tLD = 360 
x fiN' 


Using this calculated value in Fig. 32, it is 
possible to define the value of CLD, e.g. 
assuming the phase error is 36° and 
fiN = 2 MHz: 


36° 
1 


tLD = 360 x 2 MHz = 50 ns, 


and using Fig. 32, it can be seenthat 
CLD is 26 pF. 


With the addition of one retriggerable 
monostable (e.g. "123", "423" or 
"4538") 
a steady state LOW and HIGH 


indication 
can be obtained, 
as shown 
in 
Fig. 33. 
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PLL designexample 


The 
frequency 
synthesizer, 
used in t~ e 


design example shown in Fig. 34, hasthe 
following 
parameters: 


Output frequency: 
2 MHz to 3 MHz 


frequency steps 
100 kHz 


settling 
time 
1 ms 


overshoot 
< 20% 


The open·loop gain is H (s) x G (sl = 
Kp x Kf x Ko x Kn. 


Where: 


Kp = phase comparator 
gain 


Kf 
= low-pass 
filter 
transfer 
gain 


Ko = Kv/s VCO gain 
Kn = 1/n divider ratio 


The 
programmable 
counter 
ratio 
Kn can be 
found asfollows: 


N 
. 
=~= 
2MHz 
=20 
min. 
fstep 
100 kHz 


= fout 
= 3 MHz 
= 30 
Nmax. 
fstep 
100 kHz 


The VCO is set by the 'Jaluesof R1, R2 
and Cl. 
R2 = 10 kn (adjustable). 
The values can be determined 
using thl~ 


information 
in the section 


"DESIGN CONSIDERATIONS" 
With fo = 2.5 MHz and fL = 500 kHz this 
givesthe following values IVCC = 5.0 VI: 
R1 = 10 kfl 
R2=10kfl 
Cl = 500 pF 


74HC/HCT7046A 
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The VCO gain is: 


K 


v 


= 
2fL x 2 x 1T 
0.9 - IVCC - 0.9) 


= 1 MHz X 21T '" 2 x 10' rls/v 
3.2 


and the damping value ~ is defined as 
follows: 


r=_l_x 
l+KpxKvxKnxT" 


2wn 
T1 
+T2 


The overshoot 
and settling 
time 
percentages 
are now used to determine 
Wn' 
From 
Fig. 35 it can be seenthat the damping 
ratioI = 0.8 will produce an overshoot of 
lessthan 20% and settle to with in 5% at 
wnt = 4.5. 
The 
required 
settling 
time 
is 


1 ms. This results 
in: 


The 
gain 
of the 
phase 
comparator 
is: 


K 
= VCC = 0.4 VIr. 


p 
4X1T 


The transfer 
gain of the filter 
is given by: 


Kf 
1+T1s 
1 + IT, + T,ls 


Where: 


T, = R3C2 and T, = R4C2. 


Rewriting 
the equation 
for natural 


frequency 
results 
in: 


(T, + T,I= 
Kp x Kv,x Kn 


wn- 


The maximum 
overshoot 
occurs at Nmax.: 


0.4x2x 
10· 
(T,+T,)= 
5000'x30 
=0.00115. 


When C2 = 470 nF, then 


R4 = (T, + T,) 
x 2 x wn x ;- - 
1 = 790 fl. 


Kp x Kv x Kn 


R3 iscalculated using the damping ratio 
equation: 


The characteristics 
equation 
is: 


1 + H (5) x G 151 = o. 


This 
results in: 


s= + 1 + Kp x Kv x Kn 
x 
T'2, 
S + 


(T, 
+ T,) 


Kp x Kv x Kn = O. 


(T, 
+ T,) 


The 
natural 
frequency 
wn is defined 
as 


follows: 


_j 
Kp x Kvx Kn 
wn- 
(T, 
+T,) 
, 


Note 


For an extensive description and applicatit)n example please refer to application note ordering number 9398 64990011. 
Also available a computer design program for PLL 's ordering numbe r 9398961 
10061. 
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Since the output 
frequency 
is proportional 
to the VCO control 
voltage, 
the PLL frequency 
response 
can be observed 
with an 
oscilloscope 
by monitoring 
pin 9 of the VCO. The average frequency 
response, 
as calculated 
by the Laplace method, 
is found 
experimentally 
by smoothing 
this voltage 
at pin 9 with 
a simple 
RC filter, 
whose 
time 
constant 
is long compared 
to the phase 
detector 
sampling 
rate but short 
compared 
to the PLL 
response time. 
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Fig. 1 Pin configuration. 
Fig. 2 
logic 
symbol. 


• 
Word-length 
easily 
expanded 
by 
cascading 
• 
Generates 
either 
even or odd 
puity 
for 16-data 
bits 
• 
Output 
capability: 
standard 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT7080 
are high·speed 


si-gate 
CMOS devices. They are specified 
in compliancewithJEOEC 
standard 
no. 7A_ 


The 74HC/HCT7080 
are 16-bit parity 
generators 
or checkers 
commonly 
used to 
detect 
errors 
in high-speed 
data 
traosm ission or data 
retrieval 
systems. 


The even and odd parity 
output 
is 
available 
for generating 
or checking 
f!Ven/ 


odd parity 
up to 16-bits. 


The even/odd 
parity 
output 
(E/Ol 
is 
HIGH 
when 
an even number 
of data 
inputs 
(10 to 115) are HIGH and the 
cascade/even-odd-changing 
input (X) is 
HIGH. 


Expansion 
to larger word 
sizes is 
accomplished 
by connecting 
the even/odd 
parity 
output 
(E/a) 
to the 
cascade/even-odd-changing 
input (X) of 
the final stage. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHl/ 


propagation 
delay 


ICl=15PF 
In to E/a 
29 
32 
ns 


tPLH 
Xto 
E/a 
VCC = 5 V 
12 
15 
ns 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 
power 
dissipation 
notes 
1 and 2 
24 
25 
pF 
capacitance per package 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in /-lW): 


PD = CPD x VCC' 
x fi + ~ ICl x VCC' 
x fo) where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 
fo = output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 
~ (Cl 
x VCC' 
x fo) = sum of outputs 
2. 
For HC 
the condition 
is VI = GND to VCC 
For HCT the condition 
is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


20-lead 
01 L; plastic 
(50TI46). 


20-lead 
mini-pack; 
plastic 
(5020; 
50T163A)_ 


PIN NO_ 
SYMBOL 
NAME AND FUNCTION 


1 
X 
cascade/even-odd-changing 
input 


2,3,4,5, 
6,7,8,9, 
11,12,13, 
10 to 115 
data inputs 
14,15,16, 
17,18 


10 
GND 
ground 
(0 VI 


19 
E/a 
even/odd parity output 


20 
VCC 
positive supply voltage 
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19 
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13 
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'" 
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INPUTS 
OUTPUTS 


In 
X 
E/O 


~=E 
H 
H 


L 
L 
~*E 
H 
L 


L 
H 


H = HI G H voltage 
level 
L = LOW 
voltage 
level 


E = even 
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Output capability: standard 
lee category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; e L = 50 pF 


r 
I 


Tamb (OC) 
TEST CONDITIONS 


I 
I 
74HC 


jSYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
--40 to +85 
--40 to +125 
V 


! 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 
I 
91 
280 
350 
420 
2.0 
I tPHL/ 


I 


propagation delay 
33 
56 
70 
84 
ns 
4.5 
Fig. 7 
In to E/O 
26 
48 
60 
71 
6.0 
tpLH 


tPHL/ 
I propagation delay 
41 
150 
190 
225 
2.0 
15 
30 
38 
45 
ns 
4.5 
Fig. 6 
tPLH 
I 


X to E/O 
12 
26 
33 
38 
6.0 


tTHL/ 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs 6 and 7 
tTLH 
6 
13 
16 
19 
6.0 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: standard 
lec category: MSI 


Note to HCT types 


The value of additional Quiescentsupply current (<lICC) for a unit load of 1 is given in the family specifications. 
To determine <lICC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


In 
1.0 
X 
1.0 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 
v~'I.Amo,", 
SYMBOL 
PARAMETER 
UNIT 


+25 
--40 to +85 
--40 to +125 


min. 
typo 
max. 
min. 
max. 
min. 
max. 
I 


tPHL/ 
propagation delay 
37 


1 
63 
79 
95 
ns 
4.5 


I 


Fig. 7 
tPLH 
In to E/O 


tPHL/ 
propagation delay 
18 
32 
40 
48 
ns 
4.5 


I 


Fig. 6 
tPLH 
X to E/O 


tTHL/ 
output transition time 
7 
15 
19 
22 
ns 
4.5 
I Figs6and7 
tTLH 


1(,"'V ,.87 


74HC/HCT7080 


MSI 
l 
_ 


Fig. 6 Waveforms showing the cascade/even-odd-changing 
input (X) 
to the even/odd parity output IE/O) propagation 


delays 
and the output 
transition 
times. 


'" 
INPUT JvM,,, 
~ 


~ 


I-'PHL 
~~'PLH 


EtO 
OUTPUT 
"MIll 


lZ9UOl 
ITHL 
- 
-l 
tTLH 


Fig. 7 Waveforms showing the data inputs (In) to the 
even/odd parity output (E/O) propagation delays and 
the output 
transition 
times. 


Note to AC waveforms 


(1) HC 
VM = 50%: VI = GND to VCC' 


HCT: VM = 1.3V; VI = GND to 3V. 
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Definitions 
for 
Figs 8 and 9: 


CL 
= 
load capacitance 
including 
jig and 


probe 
capacitance 
(see AC CHARACTERISTICS 
for values). 


RT 
= 
termination 
resistance 
should 
be equal to 
the output 
impedance Zo of the pulse 


generator. 
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NEGATIVE 


INPUT 


PULSE 


POSITIVE 


INPUT 


PULSE 


tr; tf 


FAMILY 
AMPlITUOE 
VM 
fmax; 
OTHER 
PULSE 
WIDTH 


74HC 
VCC 
50% 
< 2 ns 
6 ns 


74HCT 
3.0V 
1.3 V 
<2ns 
6 ns 


Quad precision 
adjustable 
Schmitt-trigger/comparator 
with output 
latches; 


3-state 


Precision 
inputs 


• 
2 operation 
modes: 
PAST and 


comparator 
• 
In PAST mode: 
Inverting 


outputs 
in view of the 
precision 
oscillator 
application 
In comparator 
mode: 
Non-inverting 
output~; to 


simplify 
the design 
of an 


external 
hysteresis 
network 


• 
3-state outputs 
for bus 
oriented 
applications 


Output 
capability: 
BWl driver 


Ice category: 
MSI 


Precision 
oscillators 


• 
Signal 
reconditioning 


Level conversion 
Process 
control 
(temperature, 


pressure, 
power e.g.) 
• 
Accurate 
level detectors 


• 
Time delays 
Overvoltage, 
overcurrent 
protection 
Bargraph 
display 
with LED's 
Battery 
charge 
control 


• 
Analog 
to digital 
conversion 


The 74HC/HCT7132 
are hi~lh-speed 


Si-gate CMOS devices. They are 
specified in compliance with JEOEC 
standard no. 7A. 


The 74HC/HCT7132 
contain 4 


comparators with two common 
reference inputs V,Hand V,Land four 
separate signal inputs V'nOto V,n3. 
The circuits can be applied in two 
modes: 


1) The PAST (precision 
adjustable Schmitt-trigger) 
mode 


at which a voltage level E'qual to 
the wanted VT+ 
must be applied 


to the V,Hinput and a vol':age 
level equal to the wanted VT_ to 
the V,Linput. 


QUICK REFERENCE 
DATA 


GNO = 0 V; Tamb = 25 °C; t, = tf = 6 ns 


SYMBOL 
PARAMETER 
CONDITIONS 
TYPICAL 
UNIT 


High trip level 
PAST mode; 
1.15 to 
V 
Vcc = 3 to 6 V 
Vcc-1.2 


V,H 
Comparator 
reference level 
mode; 
0.6 to Vcc 
V 


Vcc = 3 to 6 V 


V,L 
Low trip level 
PAST mode; 
1.10 to 
V 
Vcc = 3 to 6 V 
Vcc - 1.25 


8V, 
DC inaccuracy 
Vcc = 3 to 6 V 
±20 
mV 


power dissipation 
Vcc = 5 V 
PAST mode 
100 
Cpo 
capacitance 
per 
Comparator 
30 
pF 


function 
mode 
pF 


Comparator 


Total DC power 
mode; 


Pd 
dissipation 
Vcc = 4.5 V; 
8 
mW 


V,L= V'Nn= 0 V; 
V,H= 2.25 V 


Minimum rise and 
PAST mode; 


trmijtlmin 
fall time for 
Vcc = 4.5 V; 
180 
ns 
optimum operation 
V,H= 3 V; 
V'L = 1.5 V 


tpHL/tpLH 
propagation delay 
PAST mode; 
40/60 
ns 
V,nnto Q 
Vcc = 4.5 V 


Notes to the quick 
reference 
data: 


1. Cpo is used to determine the dynamic power dissipation (Po in ',lW): 
Po = Cpo x Vcc' x f, + CL X Vcc' x fo where: 
I, = input frequency in MHz; 
CL = output load capacity in pF; 


fo = output frequency in MHz; 
Vcc = supply voltage in V. 


PACKAGE 
TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HC/HCT7132P 
14 
OIL 
plastic 
SOT27 


74HC/HCT7132T 
14 
SO 
plastic 
SOT108 


Quad precision 
adjustable 


Schmitt-trigger/comparator 
with output latches; 
3-state 


°0 
, 
"-, 
~!J 
Vcc 


6E 
2 
13 I 
°3 


VinO 
12 
Vin3 


VRL 
4 
7132 
10 
VRH 


Vinl 
'0 ' 
Vin2 


°1 
6 
9 
LE 


GND 
-0' 
°2 


Fig.1 Pin configuration. 


PINNING 


9 
LE 


VinO 
°0 


Vinl 
0, 


10 
Vin2 
°2 


'2 
Vin3 
°3 
13 


11 
V,H 


V,L 


OE 


PIN 
SYMBOL 
NAME AND FUNCTION 


1,6,8,13 
Qo to Q3 
3-state latch outputs 
- 
3-state output enable input 
2 
OE 
(active LOW) 


3,5,10,12 
Vino to Vin3 signal inputs 


4 
V,,- 
low reference voltage input 


7 
GND 
ground (0 V) 


9 
LE 
latch enable input (active 
HIGH) 


11 
V,H 
high reference voltage input 


14 
Vcc 
positive supply voltage 


2) The comparator 
mode at which 


the V,,- input must be connected to 
GND and the V'H input is the active 
reference level input. In this mode 
a few resistors must be added to 
achieve a small hysteresis in order 
to avoid oscillations. The operation 
in both modes will be further 
explained by means of the logic 
diagram of fig.5. 


See fig.5 for logic diagram. The 
circuit can be applied in two modes 
that are selected by the mode 
selector on bases of the level on 
the V,,- input. When the level on 


V'nn (rising 
edge) 
LE 
OE 
an 


ViM < VLL 
L 
L 
H 


VLl < Vinn < VrH 
L 
L 
H 


VHH> 
Vinn > VrH 
L 
L 
L 


Vinn> 
VHH 
L 
L 
L 


Vinn (falling 
edge) 
LE 
OE 
an 
VHH> 
Vinn> 
Vrt 
L 
L 
L 


VLL < Vinn < V,,- 
L 
L 
H 


Vinn < VLL 
L 
L 
H 


V'M = X 
H 
L 
Q,-. 
Vinn = X 
X 
H 
Z 


this input is in the operating area 
of the PAST mode (V,,- > 1 V) the 
true output of the mode detector is 
'0" which means that the PAST 
mode is selected. When the V,L 
input is at GND level the true 
output of the mode detector is "1" 
by which the comparator mode is 
selected. This mode needs only 
one reference input being the V", 
input. 


The power-on detector selects a 
window typically between 


V'Nn = 1 V 


H = HIGH voltage level 
L 
= LOW voltage level 


Z 
= high impedance OFF-state 
X = don't care 
Q'-1 = initial state 


and V1Nn = Vcc - 1 V in which in 
case of the PAST mode the power 
of the analog part (comparator)is 
switched on. When operating in the 
comparator mode the power is 
always switched on by means of 
an OR gate. 


The digital detector is a Flip-Flop 
which output is set to LOW when 
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V,Nn < 1 V and to HIGH when V,Nn > Vcc - 1 V. This 
detector controls the output stage in the cases that the 
power of the comparator is switched off. This is 
performed by means of the switches SW3 and SW,. 


The output information can be stored in a latch on 
activating the LE input. In the PAST mode this latch is 
also used to control the reference input of the 
comparator which is either connected to the V," input 
via SW, or to the V'L input via SW2. In case of the 
comparator mode the reference input is always 
connected to the V," input. This is done by means of 
an AND gate. 


By means of this function the output stage is switched 
between inverting and non-inverting. In the PAST 
mode the inverting output of the mode selector is "1" 


°0 
J~~AJfs°1 
°2 
°3 


so the exclusive OR is inverting. In the comparator 
mode this output is "0" so the exclusive OR is 
non-inverting. 


The operation in the PAST mode will be further 
outlined with the aid of Fig.5 and 9. and table 1. When 
the level of V'Nn is 0 V the power of the comparator is 
switched OFF and the output circuit is controlled by 
the digital detector which output is LOW in that 
situation. So the output of the transparent latch is 
LOW. As the output stage is inverting now an is HIGH. 
In this condition the reference input of the comparator 
is connected to the +V," input. When starting from 0 V 
the level at V,nn is increased, at about the VLL level 
(~1 V) the DC power of the comparator is switched 
ON. The control of the output circuit is switched over 
from the digital detector output to the comparator 
output, when after a delay the voltage at this node is 
stabilised. During this operation the output level of the 
latch output remains LOW and the level of an HIGH. 
When the level at V,nn reaches the V," level the output 
level of the comparator turns to HIGH and so the 
output level of the transparent latch. The level at an 
turns to LOW. In this instant the reference input of the 
comparator is switched over from V," to V,L leaving the 
output voltage at an constant. When the level at V,nn 
reaches the V"" level (~Vcc - 1 V) the DC power of 
the comparator is switched OFF. The control of the 
output circuit is switched over from the comparator 
output to the digital detector output which voltage level 
is HIGH in this situation. During this action the level at 
an remains LOW. When the level at the Vlnn input is 
decreased starting at Vcc level, at the V"" level 
(~Vcc - 1 V) the power of the comparator will be 
switched on again. The control of the output circuit 
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Fig.a Waveforms 
applied during measurements 


see fig.13. 


is switched over from the digital detector output to the 
comparator output when after a delay the voltage at 
this node is stabilised. As the comoarator output level 
is HIGH in this situation the output level of the latch 
remains HIGH and the Qn output L.OW. When the level 
at V;nnreaches the V'L level the output level of the 
comparator turns to LOW and so the output level of 
the transparent 
latch. The level at Qn turns to HIGH. In 


this instant the reference input of the comparator is 
switched over from V,Lto V," leaving the output 
voltage at Qn constant. When the level at V;nnreaches 
about 1 V the DC power of the comparator is switched 
OFF again. The control of the output circuit is 
switched over from the comparator output to the digital 
detector output which voltage level is LOW in this 
situation. During this action the level at Qn remains 
HIGH. The function of the circuit is a SChmitt-Trigger 
of which the VT+ and VT_ levels can be set at the V," 
and V'L inputs. These levels can be varied from =1 V 
up to =Vcc - 1 V. so the maximum obtainable 
hysteresis is =Vcc - 2 V. The on-and off switching of 
the power and the stabilisation of the comparator 
needs time, therefore the minimum applicable rise- 


0h 


VrH" 
: 
v· 
'" 


'~ 
VL 
, 
" 
, 
" 
: 
:: 
: 
.: 


o Power 
off, digital 
detector 
controls 
output 
o Power 
on, 
comparator 
controls 
output 


and fall time of the input signal are limited when the 
maximum accuracy is required. When during the rise 
time of the input signal the input level has past the VLL 
level, the power starts to switch on. Only when the 
comparator is stable at the moment that the input 
signal passes the V," level the comparator has its true 
delay and its optimal accuracy. When the Vr" 
level is 
passed before the comparator is stable an extra delay 
occurs due to the switching of the power and the 
accuracy of the comparator is less. At the positive 
going edge, this extra delay depends on the difference 
between VLLand VrH and the rise time of the signal. 
This is shown in Fig.a, where by means of curves A 
and B tp"L is plotted at V," is 1.15 V and 2.25 V 
respectively and Vcc = 4.5 V. As with curve a V," is 
very close to VLLthe part of the input edge that is 
available for switching the power on is very small. This 
causes that only at a rise time> 
500 nsN the delay 


will be equal to the true delay of the comparator. 
At 
V," = 2.25 V this situation is reached already at a rise 
time of 120 nsN. At a very short rise time, the major 
part of the propagation delay is due to the switching 
(Continued) 
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time of the power. At the n.,gative going edge, the 
power is switched on when the level VHHis passed so 
the extra delay depends on the difference between 
VHHand VrLand the fall tim., of the signal. This 
situation is referred to with curves C and D where tpLH 
is drawn against the fall time of the input signal. With 
curve C VrLis 3.25 V which is on the edge of the 
operating region. Curve D corresponds with a VrL 
value of 2.25 V. For linear input edges the 
recommended 
minimum rise time at Vcc = 4.5 V or 
6 V is 100 nsN and at Vcc = 3 V, 300 nsN. For 
non-linear input signals, during the rising edge there 
must be a delay between the time at which the VLL 
level is passed and the time>at which the VrHlevel is 
passed. This delay will be dependent on the Vcc level 
and the amplitude of the ov.,rdrive of VLL.There is no 
limitation on the signal slope during the passing of the 
levels. For the same reasons, during the falling edge 
there must be a delay between the time at which the 
VHHlevel is passed and the time at which the VrLlevel 
is passed. 
A possible application 
of the circuit is as precision 


oscillator see Fig.6. The operating frequency is: 
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Fig.11 Curve showing the tpLH/tpHLas a function 
of the overdrive for the comparator 
application. 


Waveforms applied during measurements 
see 
fig.13. 


f ; 
, 
where 
t", 
; 
2 x In 
(Vec 
• v<) x RC 


t" + 2 x (I"" 
+ I,.,J 
V" . V~ 


The IC can be applied as a comparator 
by connecting 
the VrLinput to GND and adjusting the level at VrHto 
the wanted detection level see Fig.? 
In this mode the 
DC power of the comparator 
is always an and the 
output stage is set to non-inverting. 
The function table 
for this operation mode is given in table 2. 
FUNCTION TABLE for Comparator 
mode (table 2) 


INPUT 
LE 
OE 
an 


Vinn < Vref 
L 
L 
L 


Vinn > Vref 
L 
L 
H 


Vinn = X 
H 
L 
°n_' 


V;nn= X 
X 
H 
Z 


H = HIGH voltage level 
L 
= LOW voltage level 
Z 
= high impedance OFF-state 
X = don't care 
The fact that the power is always an offers the feature 
of a mare extended operation region of the VrHinput 
voltage which is at a Vcc of 4.5 V from 1.1 V up to 
4.2 V see also Fig.12. A hysteresis of about 50 mV is 
required to overcome oscillations. This has to be 
performed by means of a few external resistors. The 
DC power in this operation mode at Vcc = 4.5 V is 
typical 2 mW per function. A curve showing tpo as a 
function of the overdrive is given in Fig.11. A possible 
diagram for a bargraph display is shown in Fig.10. 
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Output capability: Bus driver 
Ice category: MSI 
Voltages are referenced to GND (ground = 0 V) 


Tamb (0C) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 -40 to +125 UNIT 
Vee V, 
OTHER 
MIN. TYP. MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
(V) 
(V) 


Vee 
DC supply voltage 
3.0 
- 
6.0 
3.0 
6.0 
3.0 
6.0 
V 


3.0 


V'IT 
Error on trip level 
- 
±20 
- 
- 
- 
- 
- 
mV 
to 
over V"' range 
6.0 


V1Nat which power 
3.0 


VLL 
for comparator 
is 
0.4 
0.7 
0.9 
0.4 
0.9 
0.4 
0.9 
V 
to 
Fig.9 
switched ON 
6.0 


V,Nat which power 
Vee - Vee - Vee - Vee• 
Vee• 
Vee - Vee - 
3.0 


V"" 
for comparator 
is 
V 
to 
Fig.9 
switched OFF 
1.1 
0.9 
0.5 
1.1 
0.5 
1.1 
0.5 
6.0 


active supply 
V," = 2.25 V 
Ice 
current. 
- 
2.0 
3.4 
- 
- 
- 
- 
mA 
4.5 


Comparator 
mode 
V,,-= 0 V 


Ice 


supply current. 
- 
30 
50 
- 
- 
- 
- 
flA 
4.5 
V<H= 3 V 
PAST mode 
V,L = 1.5 V 


Ice 
quiescent supply 
- 
- 
8 
- 
80 
- 
160 
JlA 
6.0 
V<H= V,L = Vee 


current 
V,N=OV 


Tamb (0C) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 -40 to +125 UNIT 
Vee V, 
MIN. TYP. MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
(V) 
(V) 
OTHER 


HIGH reference 
Vee - 
Vee• 
Vee - 
3.0 


V," 
1.15 
- 
1.15 
1.15 
V 
to 
level, (VT.) 
1.2 
1.2 
1.2 
6.0 


LOW reference 
Vee - 
Vee - 
Vee - 
3.0 


V,L 
level, (VTJ 
1.1 
- 
1.25 
1.1 
1.25 
1.1 
1.25 
V 
to 
6.0 


Minimum 
3.0 


VHmin 
hysteresis voltage, 
- 
50 
- 
- 
- 
- 
- 
mV 
to 
(V," - V,L) 
6.0 


Tamb (0C) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 -40 to +125 
UNIT Vcc 
V, 


MIN. TYP. MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
(V) 
(V) 
OTHER 


VrHmin 


minimum reference 
0.6 
V 
level 
- 
- 
- 
- 
- 
- 
4.5 
over V"' range 


VrHmax 
maximum 
Vee 
V 
reference level 
- 
- 
- 
- 
- 
- 
4.5 
over V"' range 
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AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; t, = 4 = 6 ns; CL = 50 pF 
T'mb (0C) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 -40 to +125 
UNI 
T 
Vcc 
MIN. TYP. MAX. MIN. MAX. 
MIN. 
MAX. 
(V) 
V," 
V'L 
WAVEFORMS 


propagation 
- 
80 
- 
- 
- 
- 
- 
3.0 
1.67 1.50 t, = 300 nsN 


tpHL 
delay 
- 
50 
- 
- 
- 
- 
- 
4.5 
3.00 
1.50 t, = 100 nsN 
ns 


Vinn to Qn; 
- 
40 
- 
- 
- 
- 
- 
6.0 
4.00 2.00 t, = 100 nsN 


PAST mode 
Fig.13 


propagation 
- 
80 
- 
- 
- 
- 
- 
3.0 
1.67 1.50 t, = 300 nsN 


tpLH 
delay 
- 
50 
- 
- 
- 
- 
- 
ns 
4.5 
3.00 1.50 tf = 100 nsN 


Vinn to Qn; 
- 
40 
- 
- 
- 
- 
- 
6.0 
4.00 2.00 t, = 100 nsN 


PAST mode 
Fig.13 


propagation 
delay 
- 
100 
- 
- 
- 
- 
- 
3.0 
Fig.14, 


tPHL 
Vlnn to On; 
- 
60 
- 
- 
- 
- 
- 
ns 
4.5 Vcd2 0.00 overdrive: 
100 mV 
Comparator 
- 
50 
- 
- 
- 
- 
- 
6.0 
mode 


propagation 
delay 
- 
80 
- 
- 
- 
- 
- 
3.0 
Fig.14, 
tPLH 
V'nnto On; 
- 
50 
- 
- 
- 
- 
- 
ns 
4.5 Vcc/2 0.00 overdrive: 100 mV 
Comparator 
- 
40 
- 
- 
- 
- 
- 
6.0 
mode 


propagation 
35 
- 
- 
- 
- 
- 
3.0 


tpHL/tpLHdelay 
- 
23 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.15 


LE to On 
- 
18 
- 
- 
- 
- 
- 
6.0 


3-state output 
- 
22 
- 
- 
- 
- 
- 
3.0 


tpZjtpZL enable time 
- 
15 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.17 
OE to 0, 
- 
13 
- 
- 
- 
- 
- 
6.0 


3-state output 
- 
22 
- 
- 
- 
- 
- 
3.0 


tpHzltpLZdisable time 
- 
17 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.17 
OE to 0, 
- 
14 
- 
- 
- 
- 
- 
6.0 


output 
25 
- 
- 
- 
- 
3.0 
tTHL/tTLHtransition time 
- 
10 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.13 


- 
9 
- 
- 
- 
- 
- 
6.0 


LE pulse width 
12 
- 
- 
- 
- 
- 
3.0 
tw 
LOW 
- 
6 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.15 


- 
5 
- 
- 
- 
- 
- 
6.0 


set-up time 
Fig.16, 


t," 
V'M to LE 
- 
30 
- 
- 
- 
- 
- 
ns 
4.5 
3.00 
1.50 for V,Nn: 


t, = 4 = 180 ns 


hold time 
4.5 
Fig.16, 


th 
V'M to LE 
- 
-30 
- 
- 
- 
- 
- 
ns 
3.00 
1.50 for V'Nn: 
6.0 
t, = 4 = 180 ns 
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Output capability: Bus driver 
Ice category: MSI 
Voltages are referenced to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 -40 to +125 UNIT 
Vee V, 
OTHER 


MIN. TYP. MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
(V) (V) 


Vee 
DC supply voltage 
4.5 
- 
5.5 
4.5 
5.5 
4.5 
5.5 
V 


4.5 


Verr 
Error on trip level 
- 
±20 
- 
- 
- 
- 
- 
mV 
to 
over V,., range 


5.5 


V'N at which power 


VLL 
for comparator 
is 
0.4 
0.7 
09 
0.4 
0.9 
0.4 
0.9 
V 
4.5 
Fig.9 


switched ON 


V'Nat which power 


VHH 
for comparator 
is 
3.4 
3.6 
4.0 
3.4 
4.0 
3.4 
4.0 
V 
4.5 
Fig.9 


switched OFF 


active supply 
V'H= 2.25 V 
Ice 
current. 
- 
2.0 
3.4 
- 
- 
- 
- 
mA 
4.5 


Comparator 
mode 
V'L = 0 V 


Ice 


supply current. 
- 
30 
50 
- 
- 
- 
- 
~A 
4.5 
V,H= 3 V 


PAST mode 
V'L = 1.5 V 


Ice 
quiescent supply 
- 
- 
8 
- 
80 
- 
160 
~A 
4.5 
V'H= V'L = Vee 
current 
V'N= 0 V 


Tamb (0C) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vee V, 
OTHER 
MIN. TYP. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
(V) (V) 


HIGH reference 
Vee 
Vee 
Vee 
4.5 


V'H 
level, (VTJ 
1.05 
- 
- 1.20 
1.05 
- 1.20 
1.05 
- 1.20 
V 
to 
5.5 


LOW reference 
Vee 
Vee 
Vee 


4.5 


V,,- 
1.00 
- 
1.00 
1.00 
V 
to 
level, (VTJ 
- 1.25 
- 1.25 
- 1.25 
5.5 


Minimum 
4.5 
VHmin 
hysteresis voltage. 
- 
50 
- 
- 
- 
- 
- 
mV 
to 
(V,H- V'L) 
5.5 


Tamb (0C) 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 -40 to +125 UNIT 
Vee V, 


MIN. TYP. MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
(V) (V) 
OTHER 


VrHmin 


minimum reference 
0.6 
V 
level 
- 
- 
- 
- 
- 
- 
4.5 
over V,., range 


V'Hmax. 
maximum 
Vee 
V 
reference level 
- 
- 
- 
- 
- 
- 
4.5 
over V,., range 
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GND = 0 V; t, = t, = 6 ns; CL = 50 pF 
Tamb (OC) 
TEST CONDITIONS 


SYMBOL PARAMETER 
+25 
-40 to +85 -40 to +125 UNIT Vcc 
MIN. TYP. MAX. MIN. MAX. 
MIN. 
MAX. 
(V) 
V'H 
V'L 
WAVEFORMS 


propagation 


tpHL 
delay 
- 
50 
- 
- 
- 
- 
- 
ns 
4.5 
3.00 
1.50 Fig.13, 


Vinn to an; 
tr = 100 nsN 


PAST mode 


propagation 


tpLH 
delay 
- 
50 
- 
- 
- 
- 
- 
ns 
4.5 
3.00 
1.50 Fig.13, 


Vinn to 
Qn; 
t, = 100 nsN 


PAST mode 


propagation 
delay 
Fig.14, 
tPHL 
Vinn to Qn; 
- 
60 
- 
- 
- 
- 
- 
ns 
4.5 Vcd2 0.00 
Comparator 
overdrive: 
100 mV 


mode 


propagation 
delay 
Fig.14, 
tpLH 
Vinn to an; 
- 
50 
- 
- 
- 
- 
- 
ns 
4.5 Vcc/2 0.00 
Comparator 
overdrive: 
100 mV 


mode 


propagation 


tpHL/tpLHdelay 
- 
28 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.15 


LE to an 


3-state output 


tpZjtpZL enable time 
- 
20 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.17 
OE to an 


3-state output 


tpH!tpLZ disable time 
- 
22 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.17 
OE to an 


tTHJtTLHoutput transition 
- 
10 
- 
- 
- 
- 
- 
ns 
4.5 
Fig.13 
time 


tw 
LE pulse width 
- 
6 
- 
- 
- 
- 
- 
4.5 
Fig.15 
LOW 
ns 


set-up time 
Fig.16, 
tsu 
V;nnto LE 
- 
25 
- 
- 
- 
- 
- 
ns 
4.5 
3.00 
1.50 for VlNn: 


tr = t, = 180 ns 


hold time 
Fig.16, 


th 
V;nnto LE 
- 
-25 
- 
- 
- 
- 
- 
ns 
4.5 
3.00 
1.50 for V,Nn: 


tr = t, = 180 ns 


Schmitt-trigger/comparator 
with output latches; 
3-state 


Fig.13 Waveforms 
showing the input (V,nn) to 


output Qn propagation 
delays for PAST mode. 


Fig.15 Waveforms 
showing the input (LE) to 


output Qn propagation 
delays for Comparator 


mode. 
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Fig.17 Waveforms 
showing the 3-state enable 


and disable times. 


............. 
2.6 V 


...... 
Vref = 2.5 V 


2.4 
V 


Fig.14 Waveforms showing the input (Vinn) to 
output Qn propagation delays for Comparator 
mode at V,L= 0 V and V", = '/,Vcc' 


Fig. 16 Waveforms showing the input set-up 
and hold times for Vinn input to LE input. 


Note to the AC waveforms 
(1) HC: VM = 50%; V, = GND to Vcc' 


HCT: VM = 1.3 V; V, = GND to 3 V. 
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74HC!HCT7245 


MSI 


• 
Octal bidirectional 
bus interface 
• 
Non-inverting 
3-state output" 


• 
Output capability: 
bus driver 
• 
ICC category: MSI 
• 
Schmitt-trigger 
action on all 
data inputs 


The 74HC/HCT7245arehigh·speed 
Si-gate CMOS devices and are pin 
compatible with low power Schattk" 
TTL 
{LSTTLl. 
They are specified in 


compliance 
with JEDEC 
standard 
no. 7A. 


The 74HC/HCT7245areoctal 
transceivers featuring 
non-inverting 
3·state bus compatible 
outputs 
in bo":h 
send 
and receive 
directions. 
The 
"7245" 
features 
and output 
enable 


(OEl 
input 
for easy 
cascading 
and a 
send/receive 
input 
(DIRI 
for direction 


control. 5E controls 
the outpuTS so t 1at 


the buses are effectively 
isolated. The 
74HC/HCT7245 
have Schmitt-trigger 
inputs. These inputs are capable of 
transforming 
slowly changing input 
signals into sharply defined 
jitter·free 
output 
signals. 


The "7245" 
is identical 
to the "245" 
but has hysteresis 
on the data inputs. 


INPUTS 
INPUTS/OUT! 


Of 
DIR 
An 
Bn 


L 
L 
A= B 
inp 
L 
H 
inputs 
B= 
H 
X 
Z 
Z 


H= HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 


MBA327 


Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHL/ 
propagation delay 
CL = 15 pF 
8 
12 
ns 
tPLH 
An to Bn 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CI/O 
input/output 
capacitance 
10 
10 
pF 


CPD 


power 
dissipation 
notes 1 and 2 
40 
40 
pF 
capacitance 
per transceiver 


Notes 


1. CPD is usedto determine the dynamic power dissipation (PD in IlW): 


PD = CPD x VCC' x fi + l: (CL x VCC' x fol where: 


fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fo = output frequency in MHz 
VCC = supply voltage in V 


I (CL X VCC' x fol = sumof outputs 


2. For HC 
the condition is VI = GND to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


20-lead DI L; plastic (SOT146). 
20-lead mini-pack; 
plastic (S020; SOT163A). 


~ 


UTS 


uts 
A 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
DIR 
direction 
control 


2,3,4,5, 
AO to A7 
data inputs/outputs 
6,7,8,9 
10 
GND 
ground (0 Vl 
18,17,16,15, 
BOto B7 
data inputs/outputs 
14,13,12,11 
19 
OE 
output enable input (active LOW) 
20 
VCC 
positive supply voltage 


~ 


i 
ff 
i 
iS7 
9 
11 


\l. 


MBA3JO 


74HC/HCT7245 


MSI l__ 
- 


For the DC characteristics 
see chapter 
"HCMOS family characteristics", 
section "Family 
specifications", 


Output 
capability: 
bus driver 


ICC category: MSI 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
I typo 
max, 
min. 
max. 
min. 
max. 


I 


1.50 
1.50 
1.50 
2.0 
VT+ 
positive·going threshold 
3.15 
3.15 
3.15 
V 
4.5 
Figs. 4 and 5 
4.20 
4.20 
4.20 
6.0 


03~ I 


I 


0.30 
0.30 
2.0 


VT_ 
negative·going threshold 
1.35 
1.35 
1.35 
V 
4.5 
Figs. 4 and 5 
1.80 I 
180 
1.80 
6.0 


I 


0.1 ;1 0.2 
0.1 
0.1 
2.0 


VH 
hysteresis (VT+ - VT_I 
0.25 
0.4 
0.25 
0.25 
V 
4.5 
Figs.4and 
5 


0.3 
0.5 
0.3 
0.3 
6.0 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
33 
100 
125 
150 
2.0 


An to Bn; 
12 
20 
25 
30 
ns 
4.5 
Fig.6 
tPLH 
Bn to An 
10 
17 
21 
26 
6.0 


tPZHI 
3~state output 
enable 
time 
47 
160 
200 
240 


I ns 


2.0 
DE to An; 
17 
32 
40 
48 
4.5 
Fig. 7 
tpZL 
OJ: to Bn 
14 
27 
34 
41 
6.0 


tpHzI 
3-state output 
disable time 
52 
160 
200 
240 
! 


1 


20 
DE to An; 
19 
32 
40 
48 
Ins 
4.5 
Fig.7 
tpLZ 
DE to Bn 
16 
27 
34 
41 
6.0 


lTHLI 
14 
60 
75 
90 
2.0 


output 
transition 
time 
5 
12 
15 
lB 
ns 
4.5 
Flg.6 
lTLH 
4 
10 
13 
15 
6.0 


74HC/HCT7245 


MSI 


For the DC characteristics 
see chc:pter "HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
bus 
driver 


ICC category: MSI 


Note to HCT types 


The value of additional 
quiescent 
5upply 
current 
(Do Ice) for a unit 
load of 1 is given in the family 
specifications. 


To determine 
Dolce per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 


I 


COEFFICIENT 


An 
0.33 
Bn 
0.33 
OE 
1.50 
DIR 
1.00 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


VT+ 
positive-going 
threshold 


1 


20 


I 


2.0 
2.0 
V 
I 


4.5 
Figs. 4 and 5 
2.1 
2.1 
2.1 
5.5 


VT_ 
negative-going 
threshold 
0.7 
0.64 


1 
0.6 
V 


I 


4.5 
Figs. 4 and 5 
0.8 
0.74 
0.7 
5.5 


VH 
hysteresis (VT + - VT _) 
0.17 
0.23 
4.5 
0.17 
0.23 
V 
5.5 
Figs. 4 and 5 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V; tr = If = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 


I 


propagation delay 
An to Bn; 
17 
30 
37 
45 
ns 
4.5 
Fig.6 
tPLH 
Bn to An 


tPZHI 
3-state output enable ~me 


I 


OE to An; 
19 
32 
40 
48 
ns 
4.5 
Fig.7 
tpZL 
OE to Bn 


tPHzI 
3-state output 
disable t me 


I 


OE to An; 
19 
32 
40 
48 
ns 
4.5 
Fig.7 


tPLZ 
OE to Bn 


tTHLI 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 
tTLH 


74HC/HCT7245 


MSI l~_- 


Fig. 5 Waveforms showing the definition of V T +' 
VT- 
and VH· 


90% 
DEn INPUT 
vM(t) 


OUTPUT 


HIGH· 
to . OFF 


OFF - to - HIGH 


OUTPUT 
LOW -10' 
OFF 
OFF 
-to - LOW 


Fig.6 Waveformsshowing the input (An. Bnl 
to output IBn• An) propagation delaysand 
the output transi ti on ti meso 


outputsL outputs 
enabled 
aisabled 


Note to AC waveforms 


11) HC : VM = 50%; VI = GND to VCC' 


HCT: VM = 1.3V; VI = GND to 3V. 
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74HC7266 


551 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 


tPHL/ 
propagation delay 
Cl = 15pF 
11 
ns 
tplH 
nA, nB to nY 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
pF 


CpO 


power 
dissipation 
note 
1 
17 
pF 
capacitance 
per gate 


• 
Output 
capabilitY: 
standard 
• 
ICC category: SSI 


The 74HC7266 are high·speed 
Si·gateCMOSdevicesand are pin 
compatible with low power Schottky 
TTl 
(lSTTl). 
They are specified in 


compliancewithJEOECstandard 
no. i·A. 


The 74HC7266 provide the 
EXClUSIVE·NOR 
function with acti"e 
push·pull output. 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in /lW): 


Po = CPO x VCC' x f; + ~ (Cl x VCC' x fa) where: 


fi 
= input frequency in MHz 
Cl 
output load capacitance in pF 


fa = output frequency in MHz 
VCC = supply voltage in V 
1: (Cl 
X VCC' x fo) = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


14-lead 0 Il; plastic (SOT271. 
14-lead mini-pack; 
plastic (S014; SOT108A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,5,8,12 
lAt04A 
data inputs 


2,6,9,13 
1B to 4B 
data inputs 


3,4,10,11 
lY to 4Y 
data outputs 


7 
GND 
ground (0 V) 


14 
VCC 
positive supply voltage 


I. 


2' 
2. 


3' 
10 
3. 


12 4' 
13 4. 


74HC7266 


SSI l 
- 


INPUTS 
OUTPUT 


nA 
nS 
nY 


L 
L 
H 


L 
H 
L 


H 
L 
L 


H 
H 
H 


_____ 
o_u_a_d_2_-i_n_ 


p 


_u_t _E_X_C_L_U_5_I_V_E_-_N._O_R_9_ 


at 


_ 


e 
J 
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For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
Iee category: 
55 I 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
39 
115 
145 
175 
2.0 
14 
23 
29 
35 
ns 
4.5 
Fig.6 
tPLH 
nA, nB to nY 
11 
20 
25 
30 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.6 
tTLH 
6 
13 
16 
19 
6.0 


··,-'-t 
J 
~ 


nY OUTPUT 
VMlll 


1Z93633 
tTHL 
-- 
(TLH 


Fig.6 
Waveforms showing the input (nA, nB) 


to output (nY) propagation delays and the 
output 
transition 
times. 
Note to AC waveforms 


(1) He 
: VM = 50%; VI = GND to Vec- 


Product 
specification 


4-Bit X 64-word FIFO register; 
3-state 


• Synchronous 
or assynchronous 


operation 


• 3-state outputs 


• 30 MHz (typical) shift-in and 


shift-out rates 


• 
Readily expandable 
in word and 
bit dimensions 


• 
Pinning arranged 
for easy board 
layout: input pins directly 
opposite output pins 


• Output capability: 
driver (8 mAl 


• 
Ice category: 
LSI. 


• 
High-speed 
disc or tape controller 


• Communications 
buffer. 


GENERAL 
DESCRIPTION 


The 74HC/HCT7403 
are high-speed 
Si-gate CMOS devices. 
They are 


specified 
in compliance 
with JEoEC 


standard 
no.7A. 


The "7403" is an expandable, 
First-In First-Out 
(FIFO) memory 
organized 
as 64 words by 4 bits. A 
guaranteed 
15 MHz data-rate 
makes it ideal for high-speed 
applications. 
A higher data-rate 
can 
be obtained 
in applications 
where 
the status flags are not used 
(burst-mode). 


With separate 
controls for shift-in 


(SI) and shift-out 
(SO), reading and 
writing operations 
are completely 
independent, 
allowing 
synchronous 


and asynchronous 
data transfers. 


Additional 
controls 
include a 
master-reset 
input (MR), an output 
enable input (OE) and flags. The 
data-in-ready 
(oIR) and 
data-out-ready 
(oOR) 
flags indicate 
the status of the device. 


QUICK 
REFERENCE 
DATA 


GNo = 0 V; T amo = 25 °C; ~ = t, = 6 ns. 


TYP. 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tpHL/tPLH 
propagation 
delay SO, 
15 
17 
ns 
SI to olR and oOR 
CL = 15 pF 


maximum 
clock 
Vcc = 5 V 
30 
30 
MHz 
fmax 
frequency 


C, 
input capacitance 
3.5 
3.5 
pF 


power dissipation 


Cpo 
capacitance 
per 
note 1 
475 
490 
pF 


package 


Note 


For HC the condition 
is V, = GNo to Vee. 


For HCT the condition 
is V, = GNo to Vcc -1.5 
V. 


EXTENDED 
PACKAGE 


TYPE 
NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HC/HCT7403N 
16 
OIL 
plastic 
SOT38Z 


74HC/HCT7 
4030 
16 
S016L 
plastic 
SOT162 


4-Bit x 54-word 
FIFO register; 
3-state 


SYMBOL 
PIN 
DESCRIPTION 


OE 
1 
output enable input (active LOW) 


OIR 
2 
data-in-ready 
output 


SI 
3 
shift-in input (active HIGH) 


Do to 03 
4,5, 
parallel data input 
6,7 


GNO 
8 
ground 


MR 
9 
assynchronous 
master-reset 
input (active LOW) 
0) to 00 
10, 
data output 
11, 
12,13 


OaR 
14 
data-out-ready 
output 


SO 
15 
shift-out 
input (active LOW) 


Vcc 
16 
positive supply voltage 


FIFO 54 x 4 


OE 
(lR13 
14 


DO 
00 
13 
IORI6 


5 
0, 
0, 
12 


6 
O2 
°2 
11 
CT<54 
Gl 


03 
°3 
10 
CT>O 
G5 


3 
Sl 
OOR 
14 


15 
so 
OIR 
417 
13 
20 
MR 
12 


I 
11 


9 
MGA67': 
'0 


\,fGA676 


4-Bit x 54-word FIFO register; 
3-state 


Sl 
SIA 


DIR 
DIRA 


DATA 
INPUT 0=> 
DnA_ 


MR 


7403 


FIFO 
A 
QnA 


DORB 


SOB 


7403 
QnB 
4 


FIFO B 


OE 


~:===_1 
j _J 
MGA'79 


A OIR flag indicates 
the input stage 
status. either empty and ready to 
receive data (OIR = HIGH) or full 
and busy (OIR = LOW). When OIR 
and SI are HIGH. data present at 
00 to 03 is shifted into the input 
stage; once complete 
OIR goes 
LOW. When SI is set LOW. data is 
automatically 
shifted to the output 
stage or to the last empty location. 
A 
FIFO which can receive data is 
indicated by OIR set HIGH. 


A OaR flag indicates 
the output 
stage status, either data available 
(OaR = HIGH) or busy 
(OaR 
= LOW). When SO and OaR 


are HIGH, data is available 
at the 
outputs (00 to 03), When SO is set 
LOW new data may be shifted into 
the output stage, once complete 
OaR is set HIGH. 


Expanded 
format 
(see Fig.17) 


The OOR and OIR signals are used 
to allow the "7403" to be cascaded. 
Both parallel and serial expansion 
is 


possible. 
Serial expansion 
is only possible 


with typical devices. 


Parallel 
expansion 


Parallel 
expansion 
is accomplished 


by logically 
ANOing the OaR and 
OIR signals to form a composite 
signal. 


Serial 
expansion 


Serial expansion 
is accomplished 
by: 


• tying the data outputs of the first 


device to the data inputs of the 
second device 


• connecting 
the OOR pin of the 


first device to the SI pin of the 
second 
device 


• connecting 
the SO pin of the first 


device to the OIR pin of the 
second device. 


DO-{>o-- 


D I -[>r--{>o- 


D2-[>0-[>0- 
DJ-[>0-[>0- 


I 
I 
I 
I 
I 
I 


I 


I 


I 
----r 


I 
I 
I 


L~il~~~ 
J 


(see control flip-flops) 
LOW on S input of flip-flops 
FS, FB and FP will set Q output to HIGH independent 
of state on R input. 


LOW on R input of FF1 to FF64 will set Q output to LOW independent 
of state on S input. 


-1 


3-STATE 
OUTPUT 
DUFFEll 
__ 
o~ 


"U 
W 
+>- 
~ 
I 
I 
-0- 
(f) 
OJ 
C/) 
.....•. 


;::;: 
(fJ 
OJ 
.....•. X 
C1l 
CD 
3 
m 
(50 
+>- 
::J 


I 
0- 


:E 
c 
0 
S 
., 
en 
0.. 


11 
110., 
CD 
<.0 


(f) 
.....•. 
CD., 


4-Bit x 54-word FIFO register; 
3-state 


For the DC characteristics 
see chapter 
"HCMOS 
Family Characteristics", 
section "Family 
specifications". 
except that 
VOHand VOLare not valid for driver output. 
They are replaced 
by the values given below. 


Output capability: 
driver 8 mA 
lee category: 
LSI. 


Voltages 
are referenced 
to GND (ground 
= 0 V). 


T amb (0G) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 
to +85 
-40 to +125 
UNIT 
Vec 
V, 
OTHER 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


HIGH level 
1.9 
2.0 
- 
1.9 
- 
1.9 
- 
V 
2.0 
V,H 
VOH 
output voltage 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
or 
10= -20 llA 
all outputs 
5.9 
6 
- 
5.9 
- 
5.9 
- 
V 
6.0 
V,L 


HIGH level 
3.98 
4.32 
3.84 
3.70 
V 
4.5 
V,H 
10=-8mA 
VOH 
output voltage 
- 
- 
- 
5.48 
5.81 
5.34 
5.20 
V 
6.0 
or 
10= -10 mA 
driver outputs 
- 
- 
- 
V,L 


LOW level 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
2.0 
V,H 


VOL 
output voltage 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
or 
10= 20 llA 
all outputs 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
6.0 
V,L 


LOW level 
0.15 
0.26 
0.33 
0.40 
V 
4.5 
V,H 
10= 8 mA 
VOL 
output voltage 
- 
- 
- 
0.15 
0.26 
0.33 
0.40 
V 
6.0 
or 
10=10mA 
driver outputs 
- 
- 
- 
V,L 


4-Bit x 54-word FIFO register; 
3-state 


AC CHARACTERISTICS 
FOR 74HC 


GNO : 0 V; 1,: t, : 6 ns; CL : 50 pF. 


T amb (0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
-;.25 
-40 to -;.85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 
- 
69 
210 
- 
265 
- 
315 
ns 
2.0 


tpHL/tpLH 
delay 
- 
25 
42 
- 
53 
- 
63 
ns 
4.5 
Fig.8 
MR to OIR, 
OOR 
- 
20 
36 
- 
45 
- 
54 
ns 
6.0 


propagation 
- 
52 
160 
- 
200 
- 
240 
ns 
2.0 


tpHL 
delay 
- 
19 
32 
- 
40 
- 
48 
ns 
4.5 
Fig.8 
MR to Qn 
- 
15 
27 
- 
34 
- 
41 
ns 
6.0 


propagation 
- 
66 
205 
- 
255 
- 
310 
ns 
2.0 


tpHL/tpLH 
delay 
- 
24 
41 
- 
51 
- 
62 
ns 
4.5 
Fig.6 
SI to OIR 
- 
19 
35 
- 
43 
- 
53 
ns 
6.0 


propagation 
- 
94 
290 
- 
365 
- 
435 
ns 
2.0 


tPHL/tpLH 
delay 
- 
34 
58 
- 
73 
- 
87 
ns 
4.5 
Fig.9 
SO to OOR 
- 
27 
49 
- 
62 
- 
74 
ns 
6.0 


propagation 
- 
11 
35 
- 
45 
- 
55 
ns 
2.0 


tpHL/tpLH 
delay 
- 
4 
7 
- 
9 
- 
11 
ns 
4.5 
Fig.10 
OOR to Qn 
- 
3 
6.0 
- 
8 
- 
9 
ns 
6.0 


propagation 
- 
105 
325 
- 
406 
- 
488 
ns 
2.0 


tpHL/tpLH 
delay 
- 
38 
65 
- 
81 
- 
98 
ns 
4.5 
Fig.14 
SO to Qn 
- 
30 
55 
- 
69 
- 
83 
ns 
6.0 


propagation 
- 
2.2 
7 
- 
8.8 
- 
10.5 
IlS 
2.0 
tpLH 
delay/ripple 
- 
0.8 
1.4 
- 
1.8 
- 
2.1 
Ils 
4.5 
Fig.10 
through 
delay 
- 
0.6 
1.2 
- 
1.5 
- 
1.8 
Ils 
6.0 
SI to OOR 


propagation 
- 
2.8 
9 
- 
11.2 
- 
13.5 
Ils 
2.0 
delay/bubble-up 
tpLH 
delay 
- 
1.0 
1.8 
- 
2.2 
- 
2.7 
Ils 
4.5 
Fig.7 


SO to OIR 
- 
0.8 
1.5 
- 
1.9 
- 
2.3 
IlS 
6.0 


3-state output 
- 
44 
150 


1= 


190 
- 
225 
ns 
2.0 
tpZH/tpZL 
enable 
- 
16 
30 
38 
- 
45 
ns 
4.5 
Fig.16 
OE to Qn 
- 
13 
26 
32 
- 
38 
ns 
6.0 


3-state output 
- 
50 
150 
- 
190 
- 
225 
ns 
2.0 
tpHZ/tpLZ 
disable 
- 
18 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.16 
OE to Qn 
- 
14 
26 
- 
33 
- 
38 
ns 
6.0 


- 
14 
60 
- 
75 
- 
90 
ns 
2.0 


tTHL/tTLH 
output 
- 
5 
12 
15 
18 
4.5 
Fig.16 
transition 
time 
- 
- 
ns 
- 
4 
10 
- 
13 
- 
15 
ns 
6.0 


SI pulse width 
35 
11 
- 
45 
- 
55 
- 
ns 
2.0 
tw 
HIGH or LOW 
7 
4 
- 
9 
- 
11 
- 
ns 
4.5 
Fig.6 
6.0 
3 
- 
8 
- 
9 
- 
ns 
6.0 


4-Bit x 54-word FIFO register; 
3-state 


Tamb (OC) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


SO pulse 
70 
22 
- 
90 
- 
105 
- 
ns 
2.0 
tw 
width 
14 
8 
- 
18 
- 
21 
- 
ns 
4.5 
Fig.9 
HIGH or LOW 
12 
6.0 
- 
15 
- 
18 
- 
ns 
6.0 


OIR pulse 
10 
41 
130 
8 
165 
8 
195 
ns 
2.0 
tw 
width 
5 
15 
26 
4 
33 
4 
39 
ns 
4.5 
Fig.? 


HIGH 
4 
12 
22 
3 
28 
3 
33 
ns 
6.0 


OaR 
pulse 
14 
52 
160 
12 
200 
12 
240 
ns 
2.0 
tw 
width 
7 
19 
32 
6 
40 
6.0 
48 
ns 
4.5 
Fig.l0 
HIGH 
6.0 
15 
27 
5 
34 
5.0 
41 
ns 
6.0 


MR pulse width 
120 
39 
- 
150 
- 
180 
- 
ns 
2.0 
tw 
LOW 
24 
14 
- 
30 
- 
36 
- 
ns 
4.5 
Fig.8 
20 
11 
- 
26 
- 
31 
- 
ns 
6.0 


removal 
time 
80 
24 
- 
100 
- 
120 
- 
ns 
2.0 
trem 
MR toSI 
16 
8 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.15 
14 
7 
- 
17 
- 
20 
- 
ns 
6.0 


set-up time 
-8 
-36 
- 
-6 
- 
-6 
- 
ns 
2.0 
tsu 
Onto SI 
-4 
-13 
- 
-3 
- 
-3 
- 
ns 
4.5 
Fig.13 
-3 
-10 
- 
-3 
- 
-3 
- 
ns 
6.0 


hold time 
135 
44 
- 
170 
- 
205 
- 
ns 
2.0 
th 
On to SI 
27 
16 
- 
34 
- 
41 
- 
ns 
4.5 
Fig.13 
23 
13 
- 
29 
- 
35 
- 
ns 
6.0 


maximum 
clock pulse 
3.6 
99 
- 
2.8 
- 
2.4 
- 
MHz 
2.0 
fma, 
frequency 
18 
30 
- 
14 
- 
12 
- 
MHz 
4.5 
Figs 11 and 12 
SI, SO burst 
21 
36 
- 
16 
- 
14 
- 
MHz 
6.0 
mode 


maximum 
clock pulse 
3.6 
9.9 
- 
2.8 
- 
2.4 
- 
MHz 
2.0 
fma, 
frequency 
18 
30 
- 
14 
- 
12 
- 
MHz 
4.5 
Figs 6 and 9 
SI, SO using 
21 
36 
- 
16 
- 
14 
- 
MHz 
6.0 
flags 


maximum 
clock pulse 
- 
7.6 
- 
- 
- 
- 
- 
MHz 
2.0 
fma, 
frequency 
- 
23 
- 
- 
- 
- 
- 
MHz 
4.5 
Figs 6 and 9 
SI, SO 
- 
27 
- 
- 
- 
- 
- 
MHz 
6.0 
cascaded 


4-Bit x 54-word FIFO register; 
3-state 


For the DC characteristics 
see chapter 
"HCMOS 
Family Characteristics", 
section "Family 
Specifications", 
except that 


VOHand VOLare not valid for driver output. 
They are replaced 
by the values given below. 


Output capability: 
driver 8 mA. 


Ice category: 
LSI. 


Voltages 
are referenced 
to GND (ground = 0 V). 


T'mb (0C) 
TEST 
CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vee 
V, 
OTHER 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


HIGH level 
V'H 
VOH 
output voltage 
4.4 
4.5 
- 
4.4 
- 
4.4 
- 
V 
4.5 
or 
10 = -20 
llA 
all outputs 
V'L 


HIGH level 
V'H 
VOH 
output voltage 
3.98 
4.32 
- 
3.84 
- 
3.7 
- 
V 
4.5 
or 
10 = -8 mA 


driver outputs 
V'L 


LOW level 
V'H 
VOL 
output voltage 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
or 
10 = 20 llA 
all outputs 
V'L 


LOW level 
V'H 
VOL 
output voltage 
- 
0.15 
0.26 
- 
0.33 
- 
0.4 
V 
4.5 
or 
10 = 8 mA 
driver outputs 
V'L 


1. The value of additional 
quiescent 
supply current (c,lecl for a unit load of 1 is given in the family specifications. 


2. To determine 
c,lee per input, multiply this value by the unit load coefficient 
shown 
in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE 
1 


SI 
1.5 


Dn 
0.75 


MR 
1.5 


SO 
1.5 


4-Bit x 54-word FIFO register; 
3-state 


AC CHARACTERISTICS 
FOR 74HCT 


GNO = 0 V; ~ = ~ = 6 ns; CL = 50 pF 


Tamb (0G) 
TEST CONDITION 


SYMBOL 
PARAMETER 
-25 
-40 
to +85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 


tpHL/tpLH 
delay 
- 
30 
51 
- 
53 
- 
63 
ns 
4.5 
Fig.8 
MR to OIR, 
OaR 


propagation 
tPHL 
delay 
- 
22 
38 
- 
48 
- 
57 
ns 
4.5 
Fig.8 
MR to On 


propagation 


tpHL/tpLH 
delay 
- 
25 
43 
- 
54 
- 
65 
ns 
4.5 
Fig.6 
SI to OIR 


propagation 


tpHL/tpLH 
delay 
- 
36 
61 
- 
76 
- 
92 
ns 
4.5 
Fig.9 


SO to OaR 


propagation 


tPHL/tpLH delay 
- 
42 
72 
- 
90 
- 
108 
ns 
4.5 
Fig.14 
SO to On 


propagation 
tpHL/tPLH delay 
- 
7 
12 
- 
15 
- 
18 
ns 
4.5 
Fig.10 
OaR to On 


propagation 


tpLH 
delay/ripple 
- 
0.8 
1.4 
- 
1.75 
- 
2.1 
lls 
4.5 
Fig.10 
through 
delay 
SI to OaR 


propagation 


tpLH 


delay/bubble-up 
- 
1 
1.8 
- 
2.25 
- 
2.7 
lls 
4.5 
Fig.7 
delay 
SO to OIR 


3-state 
output 


tpZ~tpZL 
enable time 
- 
16 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.16 


OE to On 


3-state 
output 
tpHz/tpLl 
disable 
time 
- 
19 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.16 
OE to On 


tTHL/tTLH 


output 
- 
5 
12 
- 
15 
- 
18 
ns 
4.5 
Fig.16 
transition 
time 


tw 


SI pulse width 
9 
5 
- 
6 
8 
ns 
4.5 
Fig.6 
HIGH or LOW 
- 
- 


tw 


SO pulse width 
14 
8 
- 
18 
- 
21 
ns 
4.5 
Fig.9 
HIGH or LOW 
- 


4-Bit x 54-word FIFO register; 
3-state 


Tamb (0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
-25 
-40 to +85 
-40 
to +125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


OIR pulse 


tw 
width 
5 
17 
29 
4 
36 
4 
44 
ns 
4.5 
Fig.7 


HIGH 


OaR pulse 


tw 
width 
7 
21 
36 
6.0 
45 
6.0 
54 
ns 
4.5 
Fig.10 
HIGH 


tw 


MR pulse width 
26 
15 
- 
33 
- 
39 
- 
ns 
4.5 
Fig.8 
LOW 


t,em 
removal 
time 
18 
10 
23 
27 
4.5 
Fig.15 
MRtoSI 
- 
- 
- 
ns 


tsu 
set-up time 
-5 
-16 
- 
-4 
- 
-4 
- 
ns 
4.5 
Fig.13 
Onto SI 


t" 
hold time 
30 
18 
38 
45 
4.5 
Fig.13 
On to SI 
- 
- 
- 
ns 


maximum 
clock pulse 


fma, 
frequency 
18 
30 
- 
14 
- 
12 
- 
MHz 
4.5 
Figs 11 and 12 
SI, SO burst 
mode 


maximum 
clock pulse 


fma, 
frequency 
18 
30 
- 
14 
- 
12 
- 
MHz 
4.5 
Figs 6 and 9 
SI, SO using 
flags 


maximum 
clock pulse 


fma, 
frequency 
- 
23 
- 
- 
- 
- 
- 
MHz 
4.5 
Figs 6 and 9 
SI, SO 
cascaded 


4-Bit x 54-word FIFO register; 
3-state 


Fig.6 
Waveforms 
showing 
the SI input to DIR output propagation 
delay. The SI pulse width and SI maximum 


pulse frequency. 


Notes 
to Fig.6 


1. DIR initially HIGH; FIFO is prepared 
for valid data 


2. SI set HIGH; data loaded into input stage 


3. DIR goes LOW, input stage "busy" 


4. SI set LOW; data from first location 
"ripple through" 


5. DIR goes HIGH, status flag indicates 
FIFO prepared 
for additional 
data 


6. Repeat process to load 2nd word through to 64th word into FIFO 
DIR remains 
LOW; with attempt 
to shift into full FIFO, no data transfer occurs. 


4-Bit x 54-word FIFO register; 
3-state 


~--- 


LtPLH-I-'W- ~ 
bubble 
- up 


delay 
I 


VMi1) 


Sl INPUT JVM 


(1) 


Notes 
to Fig.7 


1. FIFO is initially full, shift-in is held HIGH 


2. SO pulse; data in the output stage is unloaded, 
"bubble-up" 
process 
of empty location 
begins 


3. DIR HIGH; when empty location reaches 
input stage, flage indicates 
FIFO is prepared 
for data input 


4. DIR returns to LOW; data shift-in to empty location 
is complete, 
FIFO is full again 


5. 31 set LOW; necessary 
to complete 
shift-in 
process, 
DIR remains 
LOW, because 
FIFO is full. 


4-Bit x 54-word FIFO register; 
3-state 


Fig.8 
Waveforms 
showing 
the MR input to OIR. OOR and Qn output propagation 
delays and the MR pulse 


width. 


Notes 
to Fig.S 


1. OIR LOW. output ready HIGH; assume 
FIFO is full 


2. MR pulse LOW; clears FIFO 


3. OIR goes HIGH; flag indicates 
input prepared 
for valid data 


4. OOR goes LOW; flag indicates 
FIFO empty 


5. Qn outputs go LOW (only last bit will be reset). 


4-Bit x 54-word FIFO register; 
3-state 


Fig.9 
Waveforms 
showing 
the SO input to OOR output propagation 
delay. The SO pulse widths and 


maximum 
pulse frequency. 


Notes 
to Fig.9 


1. OOR HIGH; no data transfer 
in progress, 
valid data is present at output stage 


2. SO set HIGH; results in OOR going LOW 


3. OOR goes LOW; output stage "busy" 


4. SO set LOW; data in the input stage is unloaded. 
and new data replaces it as empty location 
"bubbles-up" 
to input 


stage 


5. OOR goes HIGH; transfer 
process completed, 
valid data present at output after the specified 
propagation 
delay 


6. Repeat process 
to unload the 3rd through 
to the 64th word from FIFO 


7. OOR remains 
LOW; FIFO is empty. 


4-Bit x 54-word FIFO register; 
3-state 


. r-- tpHL/tpLH 
*4 


Fig.10 
Waveforms 
showing 
ripple through delay SI input to OaR output, 
OaR output pulse width and 
propagation 
delay from the OaR pulse to the Qn output. 


Notes 
to Fig.10 


1. FIFO is initially empty, SO is held HIGH 


2. SI pulse; loads data into FIFO and initiates 
ripple through process 


3. OaR flag signals the arrival of valid data at the output stage 


4. Output transition; 
data arrives at output stage after the specified 
propagation 
delay between 
the rising edge of the 
OaR pulse to the Qn output 


5. OaR goes LOW; data shift-out is complete, 
FIFO is empty again 


6. SO set LOW; necessary 
to complete 
shift-out 
process. 
OaR remains 
LOW, because 
FIFO is empty. 


4-Bit x 54-word FIFO register; 
3-state 


On 
INPUT 
X 
X 
X 


DIR 
OUTPUT _~D"IW&""P_& 


Fig.11 
Waveforms 
showing 
81 minimum 
pulse width and maximum 
pulse frequency, 
in high-speed 
shift-in 
burst mode. 


In the high-speed 
mode, the burst-in 
rate is determined 
by the minimum 
shift-in HIGH and shift-in LOW specifications. 
The DIR status flag is a don't care condition, 
and a shift-in pulse can be applied 
regardless 
of the flag. A 81 pulse 


which would overflow 
the storage 
capacity 
of the FIFO is ignored. 


4-Bit x 54-word FIFO register; 
3-state 


Ft 


w 
1/f 


max 
'I 


_1'"'" 1_1-\_ 


On 
OUTPUT 
X 
X 
X 


DOR 
OUTPUT 
•••• 
/%$~_$NI@ 


Fig.12 
Waveforms 
showing 
SO minimum 
pulse width and maximum 
pulse frequency, 
in high-speed 
shift-out 


burst mode. 


Note to Fig.12 


In the high-speed 
mode, the burst-out 
rate is determined 
by the minimum 
shift-out 
HIGH and shift-out 
LOW 
specifications. 
The OaR flag is a don't care condition 
and an SO pulse can be applied without 
regard to the flag. 


4-Bit x 54-word FI FO register; 
3-state 


SO 
INPUT jVM111 \ 
I 
\ 


I 


L""'i 


I 
J.-- 
t PLH-- 


I 


Qn 
OUTPUT 
k '" ,J\ 
MGA66J 
ITLH-J 
: 


4-Bit x 54-word 
FIFO register; 


3-state 


If 
"I 


90% 


OE 
INPUT 
VM(l) 


--, 
I PLZ 


On 
OUTPUT 
I 


LOW -10 - OFF 


I 
OFF-IO 
- LOW 


I PZH 
rr= 
On 
OUTPUT 
HIGH 
- 10- OFF 
VM(1) 
OFF - 10 - HIGH 


oUlputs 
outputs 
outputs 


MGA6Sd 
enabled 
disabled 
enabled 


Note to AC waveforms 


HC: 
VM = 50%; V, = GND to Vcc' 


HCT: VM = 1.3 V; V, = GND to 3 V. 


4-Bit x 54-word 
FIFO register; 
3-state 


OE 
DOR 


SI 


SI 
OE 
OE 
DOR 


Do 
°0 
01 
7403 
01 


02 
7403 
02 
°3 
so 


a-bit 
a-bit 
data 
data 


SI 
OE 
SI 
OE 


DO 
DO 


01 
7403 
01 


02 
02 


olR 
SO 


MR 
MGA684 


4-Bit x 64-word FIFO register; 
3-state 


DATA 
INPUT 
~ 
> 
On 


COMPOSITE 


DIR 


FLAG 


DIR 
DOR 


7403 


51 
SO 


DATA 
OUTPUT 


COMPOSITE 


DOR 
FLAG 


DIR 
DOR 


Sl 
SO 
7403 


MR 
i5E 


DATA 
INPUT 
4 
> 
On 
On 
DATA 
OUTPUT 


~678 


Note to Fig.18 


The "7403" is easily expanded 
to increase 
word length. Composite 
DIR and DOR flags are formed with the addition 
of 
an AND gate. The basic operation 
and timing are identical to a single FIFO, with the exception 
of an added gate delay 
on the flags. 


4-Bit x 54-word FIFO register; 
3-state 


OOR 


7403 
SO 


OOR 


SI 
SO 
7403 


OE 
0:) 
On 
an 


Note to Fig.19 


This circuit is only required 
if the SI input is constantly 
held HIGH, when the FIFO is empty and the automatic 
shift-in 


cycles are started or if SO output is constantly 
held HIGH, when the FIFO is full and the automatic 
shift-out 
cycles are 
started (see Figs 7 and 10). 


4-Bit x 54-word FIFO register; 
3-state 


Expanded 
format 


Figure 20 shows two cascaded 
FIFOs providing 
a capacity 
of 
128 words x 4 bits. Figure 21 shows 
the signals on the nodes of both 
FIFOs after the application 
of a SI 


pulse, when both FIFOs are initially 
empty. After a ripple through 
delay, 
data arrives 
at the output of FIFO •. 


Due to SO. being HIGH, a DOR. 
pulse is generated. 
The 
requirements 
of Sis and DnSare 


satisfied by the DOR. pulse width 
and the timing between 
the rising 


edge of OaR. 
and QnA"After a 
second ripple through 
delay, data 
arnves at the output of FIFOs' 


Figure 22 shows the signals on the 
nodes of both FIFOs after the 
application 
of a SOs pulse, when 
both FIFOs are initially full. After a 
bubble-up 
delay a DIRs pulse is 
generated, 
which acts as a SO. 


pulse for FIFO •. One word is 


transferred 
from the output of FIFO. 


to the input of FIFOs. The 
requirements 
of the SO. pulse for 


FIFO. is satisfied 
by the pulse width 


of OaRs. After a second 
bubble-up 


delay an empty space arrives at On.' 
at which time DIR. goes HIGH. 
Figure 23 shows the waveforms 
at 
all external nodes of both FIFOs 
during a complete 
shift-in and 


shift-out sequence. 


DORA 
Sls 
DORs 
DOR 


SOA 
DIRS 
SOs 
so 


Sl 
SIA 
7403 
7403 
anS 
DATA 
OUTPUT 


DIR 
DIRA 
FIFO 
A 
anA 
Dns 
FIFO 
S 


DATA 
INPUT 0=> 
DnA_ 


6E 
6E 
MR 
MR 


MR 
1 
r 
J 
OE 
MGA679 


Note to Fig.20 


The "7404" 
is easily cascaded 
to increase 
word capacity 
without 
any external circuitry. 
In cascaded 
format, all 
necessary 
communications 
are handled by the FIFOs. Figures 21 and 22 demonstrate 
the intercommunication 
timing 
between 
FIFO. 
and FIFOs. Figure 23 provides an overview 
of pulses and timing of two cascaded 
FIFOs, when shifted 
full and shifted empty again. 


4-Bit x 54-word FIFO register; 
3-state 


\2 
J ripple through 


delay 


.....j riPPI~~~~U9h ~rr= 


7 TVM(l) 


-----------------~ 


Notes 
to Fig.21 


1. FIFOA and FIFOa initially empty, SOA held HIGH in anticipation 
of data 


2. Load one word into FIFOA; SI pulse applied, 
results in DIR pulse 


3. Data-out A/data-in a transition; 
valid data arrives at FIFOA output stage after a specified 
delay of the DOR flag, 


meeting data input set-up requirements 
of FIFOa 


4. DORA and Sia pulse HIGH; (ripple through 
delay after SIA LOW) data is unloaded 
from FIFOA as a result of the 


data output ready pulse, data is shifted 
into FIFOa 


5. DIRa and SOA go LOW; flag indicates 
input stage of FIFOa is busy, shift-out of FIFOA is complete 


6. DIRa and SOA go HIGH automatically; 
the input stage of FIFOa is again able to receive data, SO is held HIGH in 


anticipation 
of additional 
data 


7. DORa goes HIGH; (ripple through 
delay after Sia LOW) valid data is present one propagation 
delay later at the 


FIFOa output stage. 


4-Bit x 54-word FIFO register; 
3-state 


~' 
- ""::~;"" 
F·"; 
t\.. 
_ 


X 


--J 
bU~~~~ 
up ~r 
6 


lV 
MI11 


_,.--- 
...1 


Notes to Fig.22 


1. FIFOA and FIFOB initially full. SIB held HIGH in anticipation 
of shifting 
in new data as an empty location 
bubbles-up 


2. Unload one word from FIFOB; SO pulse applied, 
results in DOR pulse 


3. DIRB and SOA pulse HIGH; (bubble-up 
delay after SOB LOW) data is loaded into FIFOB as a result of the DIR 
pulse, data is shifted out of FIFOA 


4. DORA and SIB go LOW; flag indicates 
the output stage of FIFOA is busy, shift-in to FIFOB is complete 


5. DORA and SIB go HIGH; flag indicates 
valid data is again available 
at FIFOA output stage, SIB is held HIGH, 


awaiting 
bubble-up 
of empty location 


6. DIRA goes HIGH; (bubble-up 
delay after SOA LOW) an empty location 
is present at input stage of FIFOA. 


4-Bit x 54-word FIFO register; 
3-state 


I 
sequence 
1 


SOsINPUTJ 


sequence 3 
I sequence 4 I 
sequence 5 
I 
sequence 6 I 


~~ 
__ 
............,,:~:~)Will 


'··~--mrl.r1llll1lIl1l1lIU'lJlfu:4) 
------ 
-ULi--' _~ 
__ n_rLJl)UUlJU1JUL)L 


(3) 
(4) 
DORSOUTPUT 
--JJl.S' 


DIRSOUTPUT 
--~"~,~JJUlJlJlJlj(~:>'-- 


" 
(9) 
" 
DORAOUTPUT--~:~'~'~:>.-- 


-----lluUL,JUlJlI' 
U 
lJ1JlJUL->.-- 


" 
, 
(10) 
>-- 
---.'>.-- 
--SW-lmflfrlmmmflfmflfr~' 


~JmJUlJlJlJlJlJlJlJlJlL~ 
.... 
.>.-- 


~,JUUUUUlJL.JU1JlJUlJUuUlJlnruuuuuuulJU1 
.. 
., 
.. 


~:' 


Sequence 
1 (both 
FIFOS empty, 
starting 
SHIFT-IN 
process) 


After a MR pulse has been applied 
FIFOA and FIFOg are empty, The DOR flags of FIFOA and FIFOg go LOW due to 
no valid data being present 
at the outputs. The DIR flags are set HIGH due to the FIFOs being ready to accept data. 
SOg is held HIGH and two SIA pulses are applied 
(1), These pulses allow two data words to ripple through 
to the 
output stage of FIFOA and to the input stage of FIFOs (2). When data arrives at the output of FIFOg, a DORg pulse is 
generated 
(3). When SOB goes LOW, the first bit is shifted out and a second bit ripples through to the output after 


which 
DORB goes HIGH (4). 


4-Bit x 54-word FIFO register; 
3-state 


Sequence 
2 (FIFOs runs full) 


After the MR pulse, a series of 64 SI pulses are applied. 
When 64 words are shifted in, DIRs remains 
LOW due to 
FIFOs being full (5). DORA goes LOW due to FIFOA being empty. 


Sequence 
3 (FIFOA runs fUll) 


When 65 words are shifted in, DORA remains 
HIGH due to valid data remaining 
at the output of FIFOA. 0nA remains 
HIGH, being the polarity of the 65th data word (6). After the 128th SI pulse, DIR remains 
LOW and both FIFOs are 
full (7). Additional 
pulses have no effect. 


Squence 
4 (both 
FIFOs full, starting 
SHIFT·OUT 
process) 


SIA is held HIGH and two SOs pulses are applied 
(8). These pulses shift out two words and thus allow two empty 
locations 
to bubble-up 
to the input stage of FIFOs, and proceed 
to FIFOA (9). When the first empty location 
arrives at 
the input of FIF0Ao a DIRA pulse is generated 
(10) and a new word is shifted into FIFOA. SIA is made LOW and now 
the second empty location reaches the input stage of FIFOA, after which DIRA remains 
HIGH (11). 


Sequence 
5 (FIFOA runs empty) 


At the start of sequence 
5 FIFOA contains 
63 valid words due to two words being shifted out and one word being 
shifted in, in sequence 
4. An additional 
series of SOs pulses are applied. After 63 SOs pulses, 
all words from FIFOA 
are shifted into FIFOs. DORA remains 
LOW (12). 


Sequence 
6 (FIFOs runs empty) 


After the next SOs pulse, DIRs remains 
HIGH due to the input stage of FIFOs being empty. After another 
63 SOg 
pulses, DORs remains LOW due to both FIFOs being empty (14). Additional 
SOs pulses have no effect. The last word 
remains available 
at the output On' 


• Synchronous 
or assynchronous 
operation 


• 3-state outputs 


• 30 MHz (typical) 
shift-in and 
shift-out 
rates 


• 
Readily expandable 
in word and 
bit dimensions 


• 
Pinning arranged 
for easy board 


layout: input pins directly 
opposite 
output 
pins 


• Output capability: 
driver (8 mAl 


• 
Ice category: 
LSI. 


• 
High-speed 
disc or tape 
controller 


• 
Communications 
buffer. 


GENERAL 
DESCRIPTION 


The 74HC/HCT7404 
are high-speed 


Si-gate CMOS 
devices 
specified 
in 
compliance 
with JEOEC 
standard 
no.7A. 


The "7404" is an expandable, 
First-In First-Out 
(FIFO) memory 
organized 
as 64 words by 5 bits. A 
guaranteed 
15 MHz data-rate 


makes it ideal for high-speed 
applications. 
A higher data-rate 
can 


be obtained 
in applications 
where 
the status flags are not used 
(burst-mode). 


With separate 
controls 
for 
shift-in (SI) and shift-out 
(SO), 
reading and writing 
operations 
are 


completely 
independent, 
allowing 
synchronous 
and asynchronous 
data transfers. 
Additional 
controls 
include a master-reset 
input (MR), 
an output enable 
input (OE) and 
flags. The data-in-ready 
(OIR) and 


data-out-ready 
(OOR) flags indicate 
the status of the device. 


QUICK 
REFERENCE 
DATA 
GNO = 0 V; T amb = 25 ·C; t, = tf = 6 ns. 


TYP. 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHJtPLH 


propagation 
delay SO, 
15 
17 
ns 
SI to OIR and OOR 
CL = 15 pF 


fma, 
maximum 
clock 
Vee = 5 V 
30 
30 
MHz 
frequency 


C, 
input capacitance 
3.5 
3.5 
pF 


power dissipation 


Cpo 
capacitance 
per 
note 1 
475 
490 
pF 


package 


Note 


For HC the condition 
is V, = GNO to Vee. 


For HCT the condition 
is V, = GNO to Vee -1.5 
V. 


EXTENDED 
PACKAGE 


TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HC/HCT7404N 
18 
OIL 
plastic 
SOT102 


74HC/HCT74040 
20 
S020 
plastic 
SOT163A 


SYMBOL 
PIN 
DESCRIPTION 


OE 
1 
output enable input (active LOW) 


OIR 
2 
data-in-ready 
output 


SI 
3 
shift-in input (active HIGH) 


Do to D. 
4,5,6, 
parallel data inputs 
7,8 


GNO 
9 
ground 


MR 
10 
assynchronous 
master-reset 
input (active LOW) 


Q4 to Qo 
11,12. 
data outputs 


13,14, 
15 


OOR 
16 
data-out-ready 
output 


SO 
17 
shift-out 
input (active LOW) 


Vcc 
18 
positive supply voltage 


SYMBOL 
PIN 
DESCRIPTION 


OE 
1 
output enable 
input (active LOW) 


OIR 
2 
data-in-ready 
output 


SI 
3 
shift-in input (active 
HIGH) 


n.c. 
4 
not connected 


Do to 04 
5.6.7, 
parallel data inputs 
8,9 


GNO 
10 
ground 


MR 
11 
Assynchronous 
master-reset 
input (active LOW) 


Q4 to Qo 
12.13. 
data outputs 


14.15, 


16 


n.c. 
17 
not connected 


DOR 
18 
data-out 
ready output 


n.c. 
19 
not connected 


Vcc 
20 
positive supply voltage 


vcc 
vcc 
so 
so 
OaR 
OaR 
n.c. 
00 
00 
0, 


0, 
°2 
°2 
°3 
°3 


04 
MR 
GND 


MGA670 


MGA671 


1 (1) 


OE 
FIFO 64 x 5 


(5) 4 
00 
°0 
15 (16) 
(1)1 
[IRI3 
2 (2) 
(6) 5 
01 
°1 
14 (15) 
[ORI6 
16 (IB) 


(7) 6 
D2 
°2 
13 (14) 
CTR 


(B) 7 
D3 
°3 
12 (13) 
(3) 3 
1 (+IC2) 
CT<64 
Gl 


(9)B 
- 
04 
°4 
11 (12) 
(11) 10 
CT = 0 
CT>O 
G5 


(19) 17 
5- 


(3) 3 
SI 
OOR 
16 (18) 


(19) 17 
SO 
OIR 
2 (2) 


MR 
(5) 4 
20 
417 
15 (16) 


(6) 5 
14 (15) 


10 (11) 
MGA6iJ 
(7) 6 
13 (14) 


(B) 7 
12 (13) 


(9) B 
11 (12) 


MGA675 


Pin numbers 
between 
parentheses 
refer to the SO 
package. 


Pin numbers between 
parentheses 
refer to the SO 


package. 


(5) 4 
00 
°0 
15 (16) 


(6) 5 
01 
-if 


01 
14 (15) 


(7) 6 
02 
02 
13 (14) 


(8) 7 
03 
INPUT 
MAIN 
FIFO 
03 
12 (13) 


(9) B 
04 
STAGE 
REGISTER 
OE 
04 
11 (12) 
1 x 5 BITS 
62 x 5 BITS 


6E 


11(1) 


(See control flip-flops) 
LOW on S input of flip-flops 
FS, FB and FP will set Q output to HIGH independent 
of slate on R input. 


LOW on R input of FFl 
to FF64 will set Q outpullo 
LOW independent 
of slate on S input. 


"U 
U1 
~ 
I 
is' 
CD 
1Il 
•....•. 
en 
X 
CD3 
(J) 
n0 
~ 
::l 
I 
a. 


:E 
c 
$l 


_~R 
0 
Q 
-. 
0... 
1Il 


"" 
0-. 
CD 
(Q 
en' 
•....•. 
CD 


III 
-. 
tv 
I 
(J) 
•....•. 


0 
n:> 
•....•. 
CD 


DE 


00 


01 
3-STATE 
ourpUT 
BUFFER 
°3 


0. 


M58111 


-...J 
~I 
"U 
0 
i3 
- 
a. 
I 
c 
$l 
0 
1Il 
--l 
"0 
-...J 
~ 
~ 
g 
0~ 
(5 
::l 


The OIR flag indicates 
the input 


stage status, either empty and ready 
to receive data (OIR = HIGH) or full 
and busy (OIR = LOW). When OIR 
and SI are HIGH, data present at 
Do to 04 is shifted into the input 
stage; once complete 
OIR goes 


Law. 
When SI is set LOW, data is 
automatically 
shifted to the output 
stage or to the last empty location. 
A 
FIFO which can receive data is 
indicated 
by OIR set HIGH. 


A OaR flag indicates the output 
stage status, either data available 
(OaR 
= HIGH) or busy 
(OaR 
= LOW). When SO and OaR 


are HIGH, data is available 
at the 
outputs 
(00 to 04), 
When SO is 
LOW new data may be shifted into 
the output stage, once complete 
OaR is set Law. 


Expanded 
Format 
(see Fig.18) 


The OaR and OIR signals are used 
to allow the "7404" to be cascaded. 
Both parallel and serial expansion 
is 


possible. 
Serial expansion 
is only 


possible with typical devices. 


Parallel 
Expansion 


Parallel expansion 
is accomplished 


by logically ANDing the OaR and 


OIR signals to form a composite 
signal. 


Serial 
Expansion 


Serial expansion 
is accomplished 
by: 


• tying the data outputs of the first 


device to the data inputs of the 
second device 


• connecting 
the OaR pin of the 
first device to the SI pin of the 
second device 


• connecting 
the SO pin of the first 


device to the OIR pin of the 
second device. 


For the DC characteristics 
see chapter 
"HCMOS 
Family Characteristics", 
section "Family 
Specifications". 


Output capability: 
parallel outputs, 
bus driver; serial output, standard 
lee category: 
MSI 


Output capability: 
driver 8 mA 
lee category: 
LSI 


Voltages 
are referenced 
to GNO (ground 
= 0 V). 


Tamb °C 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
V, 
OTHER 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


HIGH level 
3.98 
4.32 
- 
3.84 
- 
3.70 
- 
V 
4.5 
V'H 
10 = -8 mA 
VOH 
output voltage 
5.48 
5.81 
5.34 
5.20 
V 
6 
or 


10 = -10 mA 
- 
- 
- 
V,L 


LOW level 
- 
0.15 
0.26 
- 
0.33 
0.4 
V 
4.5 
V,H 


10 = 8 mA 
VOL 
- 
output voltage 
0.15 
0.26 
0.33 
0.4 
V 
6 
or 


10 = 10 mA 
- 
- 
- 


V'L 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; ~ = ~ = 6 ns; CL = 50 pF. 


Tamb °C 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 
- 
69 
210 
- 
265 
- 
315 
ns 
2.0 


tpHL/tpLH 


delay 
- 
25 
42 
- 
53 
- 
63 
ns 
4.5 
Fig.9 
MR to OIR, 
OaR 
- 
20 
36 
- 
45 
- 
54 
ns 
6.0 


propagation 
- 
52 
160 
- 
200 
- 
240 
ns 
2.0 


tpHL 
delay 
- 
19 
32 
- 
40 
- 
48 
ns 
4.5 
Fig.9 
MR to Qn 
- 
15 
27 
- 
34 
- 
41 
ns 
6.0 


propagation 
- 
66 
205 
- 
255 
- 
310 
ns 
2.0 


tPHL/tpLH delay 
- 
24 
41 
- 
51 
- 
62 
ns 
4.5 
Fig.? 


SI to OIR 
- 
19 
35 
- 
43 
- 
53 
ns 
6.0 


propagation 
- 
94 
290 
- 
365 
- 
435 
ns 
2.0 


tpHL/tpLH delay 
- 
34 
58 
- 
73 
- 
87 
ns 
4.5 
Fig.l0 
SO to OaR 
- 
27 
49 
- 
62 
- 
74 
ns 
6.0 


propagation 
- 
11 
35 
- 
45 
- 
55 
ns 
2.0 


tpHL/tpLH delay 
- 
4 
7 
- 
9 
- 
11 
ns 
4.5 
Fig.ll 
OaR to Qn 
- 
3 
6.0 
- 
8 
- 
9 
ns 
6.0 


propagation 
- 
105 
325 
- 
406 
- 
488 
ns 
2.0 
tpHL/tpLH delay 
- 
38 
65 
- 
81 
- 
98 
ns 
4.5 
Fig.15 
SO to Qn 
- 
30 
55 
- 
69 
- 
83 
ns 
6.0 


propagation 
- 
2.2 
7.0 
- 
8.8 
- 
10.5 
lis 
2.0 
delay/ripple 
tPLH 
through 
delay 
- 
0.8 
1.4 
- 
1.8 
- 
2.1 
lis 
4.5 
Fig.16 


SI to OaR 
- 
0.6 
1.2 
- 
1.5 
- 
1.8 
lis 
6.0 


propagation 
- 
2.8 
9.0 
- 
11.2 
- 
13.5 
lis 
2.0 
delay/bubble-u 
tpLH 
delay 
- 
1.0 
1.8 
- 
2.2 
- 
2.7 
lis 
4.5 
Fig.8 


SO to OIR 
- 
0.8 
1.5 
- 
1.9 
- 
2.3 
lis 
6.0 


3-state 
output 
- 
44 
150 
- 
190 
- 
225 
ns 
2.0 
tpZ.ltpZL 
enable 
- 
16 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.17 
OE to Qn 
- 
13 
26 
- 
32 
- 
38 
ns 
6.0 


3-state 
output 
- 
50 
150 
- 
190 
- 
225 
ns 
2.0 


tpHZ/tPLZ disable 
- 
18 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.17 


OE to Qn 
- 
14 
26 
- 
33 
- 
38 
ns 
6.0 


output 
- 
14 
60 
- 
75 
- 
90 
ns 
2.0 


tTHL/tTLH transition 
time 
- 
5 
12 
- 
15 
- 
18 
ns 
4.5 
Fig.17 


- 
4 
10 
- 
13 
- 
15 
ns 
6.0 


SI pulse width 
35 
11 
- 
45 
- 
55 
- 
ns 
2.0 
tw 
HIGH or LOW 
7 
4 
- 
9 
- 
11 
- 
ns 
4.5 
Fig.7 


6 
3 
- 
8 
- 
9 
- 
ns 
6.0 


Tamb 
°C 
TEST 
CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
WAVEFORMS 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


SO pulse 
70 
22 
- 
90 
- 
105 
- 
ns 
2.0 


tw 
width 
14 
8 
- 
18 
- 
21 
- 
ns 
4.5 
Fig.l0 


HIGH or LOW 
12 
6 
- 
15 
- 
18 
- 
ns 
6.0 


OIR pulse 
10 
41 
130 
8 
165 
8 
195 
ns 
2.0 
lw 
width 
5 
15 
26 
4 
33 
4 
39 
ns 
4.5 
Fig.8 
HIGH 
4 
12 
22 
3 
28 
3 
33 
ns 
6.0 


OOR pulse 
14 
52 
160 
12 
200 
12 
240 
ns 
2.0 
tw 
width 
7 
19 
32 
6 
40 
6 
48 
ns 
4.5 
Fig.ll 
HIGH 
6 
15 
27 
5 
34 
5 
41 
ns 
6.0 


MR pulse 
120 
39 
- 
150 
- 
180 
- 
ns 
2.0 
tw 
width 
24 
14 
- 
30 
- 
36 
- 
ns 
4.5 
Fig.9 
LOW 
20 
11 
- 
26 
- 
31 
- 
ns 
6.0 


removal time 
80 
24 
- 
100 
- 
120 
- 
ns 
2.0 


~em 
MRto 
81 
16 
8 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.16 
14 
7 
- 
17 
- 
20 
- 
ns 
6.0 


set-up time 
-8 
-36 
- 
-6 
- 
-6 
- 
ns 
2.0 
t.u 


Onto 81 
-4 
-13 
- 
-3 
- 
-3 
- 
ns 
4.5 
Fig.14 
-3 
-10 
- 
-3 
- 
-3 
- 
ns 
6.0 


hold time 
135 
44 
- 
170 
- 
205 
- 
ns 
2.0 
In 
Onto 81 
27 
16 
- 
34 
- 
41 
- 
ns 
4.5 
Fig.14 
23 
13 
- 
29 
- 
35 
- 
ns 
6.0 


maximum 
clock pulse 
3.6 
9.9 
- 
2.8 
- 
2.4 
- 
MHz 
2.0 
fma, 
frequency 
18 
30 
- 
14 
- 
12 
- 
MHz 
4.5 
Figs 12 and 


81, 80 
burst 
21 
36 
16 
14 
MHz 
6.0 
13 
- 
- 
- 
mode 


maximum 
clock pulse 
3.6 
9.9 
- 
2.8 
- 
2.4 
- 
MHz 
2.0 
fma, 
frequency 
18 
30 
- 
14 
- 
12 
- 
MHz 
4.5 
Figs 7 and 10 
81, 80 
using 
21 
36 
- 
16 
- 
14 
- 
MHz 
6.0 
flags 


maximum 
clock pulse 
- 
7.6 
- 
- 
- 
- 
- 
MHz 
2.0 
fma, 
frequency 
- 
23 
- 
- 
- 
- 
- 
MHz 
4.5 
Figs 7 and 10 
81, 80 
- 
27 
- 
- 
- 
- 
- 
MHz 
6.0 
cascaded 


For the DC characteristics 
see chapter 
"HCMOS 
Family Characteristics", 
section "Family Specifications". 
except that 
VOHand VOLare not valid for driver output. 
They are replaced 
by the values given below. 


Output capability: 
driver 8 mA 
Ice category: 
LSI. 


Voltages 
are referenced 
to GND (ground 
= 0 V). 


T amb °C 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
V, 
OTHER 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


HIGH level 
V'H 
10=-8 
VOH 
output voltage 
3.98 
4.32 
- 
3.84 
- 
3.7 
- 
V 
4.5 
or 
mA 
V,L 


LOW level 
V,H 
10= 8 
VOL 
output voltage 
- 
0.15 
0.26 
- 
0.33 
- 
0.40 
V 
4.5 
or 
mA 


V'L 


Note to HCT types 


The value of additional 
quiescent 
supply current (l\lccl for a unit load of 1 is given in the family specifications. 


To determine 
l\lcc per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE 
1 


Sl 
1.5 


On 
0.75 


MR 
1.5 


SO 
1.5 


AC CHARACTERISTICS 
FOR 74HCT 
GNO; 
0 V; ~ ; t, ; 6 ns; CL; 
50 pF. 


T amb °C 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 
to +85 
-40 
to +125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 


tpHL/tpLH 
delay 
- 
30 
51 
- 
53 
- 
63 
ns 
4.5 
Fig.9 
MR to OIR, 
OOR 


propagation 
tpHL 
delay 
- 
22 
38 
- 
48 
- 
57 
ns 
4.5 
Fig.9 
MR to Qn 


propagation 


tpHL/tpLH 
delay 
- 
25 
43 
- 
54 
- 
65 
ns 
4.5 
Fig.7 
SI to OIR 


propagation 


tpHL/tpLH 
delay 
- 
36 
61 
- 
76 
- 
92 
ns 
4.5 
Fig.l0 
SOto 
OOR 


propagation 


tPHL/tpLH delay 
- 
42 
72 
- 
90 
- 
108 
ns 
4.5 
Fig.15 
SO to Qn 


propagation 
tpHL/tpLH 
delay 
- 
7 
12 
- 
15 
- 
18 
ns 
4.5 
Fig.ll 
OOR to Qn 


propagation 


tpLH 
delay/ripple 
- 
0.8 
1.4 
- 
1.75 
- 
2.1 
!-is 
4.5 
Fig.l1 
through 
delay 
SI to OOR 


propagation 


tpLH 
delay/bubble-u 
- 
1 
1.8 
- 
2.25 
2.7 
4.5 
Fig.8 
P delay 
- 
!-is 


SO to OIR 


3-state output 
tpZH/tpZL 
enable 
- 
16 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.17 
OE to Qn 


3-state output 


tpHZ/tpLZ 
disable 
- 
19 
30 
- 
38 
- 
45 
ns 
4.5 
Fig.17 
OE to Qn 


tTHL/tTLH 
output 
- 
5 
12 
15 
18 
4.5 
Fig.17 
transition 
time 
- 
- 
ns 


tw 


SI pulse width 
9 
5 
- 
6 
- 
8 
4.5 
Fig.7 
HIGH or LOW 
- 
ns 


SO pulse 
tw 
width 
14 
8 
- 
18 
- 
21 
- 
ns 
4.5 
Fig.l0 
HIGH or LOW 


Tam.oC 
TEST CONDITION 


SYMBOL 
PARAMETER 
-'-25 
-40 
to +85 
-40 to -'-125 
UNIT 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


OIR pulse 
tw 
width 
5 
17 
29 
4 
36 
4 
44 
ns 
4.5 
Fig.8 
HIGH 


OaR pulse 
tw 
width 
7 
21 
36 
6 
45 
6 
54 
ns 
4.5 
Fig.11 
HIGH 


MR pulse 
tw 
width 
26 
15 
- 
33 
- 
39 
- 
ns 
4.5 
Fig.9 
LOW 


trem 
removal time 
18 
10 
23 
27 
4.5 
Fig.16 
MR to SI 
- 
- 
- 
ns 


!"u 
set-up time 
-5 
-16 
- 
-4 
- 
-4 
- 
ns 
4.5 
Fig.14 
Onto SI 


th 


hold time 
30 
18 
38 
45 
4.5 
Fig.14 
Onto SI 
- 
- 
- 
ns 


maximum 
clock pulse 


fma, 
frequency 
18 
30 
- 
14 
- 
12 
- 
MHz 
4.5 
Figs 12 and 13 
SI, SO burst 
mode 


maximum 
clock pulse 


fma, 
frequency 
18 
30 
- 
14 
- 
12 
- 
MHz 
4.5 
Figs 7 and 10 
SI, SO using 
flags 


maximum 
clock pulse 


fma, 
frequency 
- 
23 
- 
- 
- 
- 
- 
MHz 
4.5 
Figs 7 and 10 
SI,SO 
cascaded 


AC WAVEFORMS 


Shifting 
in sequence 
FIFO empty to FIFO full 


1St word 
r--1Ifmax 


! 


--;Pt~r 


DIR 
OUTPUT 
' 
\ 
_ 
\_r~ 


Fig.? 
Waveforms 
showing 
the SI input to DIR output propagation 
delay. The SI pulse width and SI maximum 
pulse frequency. 


Notes to Fig.? 


1. DIR initially HIGH; FIFO is prepared 
for valid data 


2. SI set HIGH; data loaded into input stage 


3. DIR goes LOW, input stage "busy" 


4. SI set LOW; data from first location 
"ripple through" 


5. DIR goes HIGH, status flag indicates 
FIFO prepared 
for additional 
data 


6. Repeat process to load 2nd word through 
to 64th word into FIFO 
DIR remains 
LOW; with attempt 
to shift into full FIFO, no data transfer occurs. 


SO 
INPUT 
2f VM (1) 


~--- 
L,,,"_~,w-~ 


bubble 
- up 
I 


cclay 
I 


Notes to Fig.8 


1. FIFO is initially full, shift-in is held HIGH 


2. SO pulse; data in the output stage is unloaded, 
"bubble-up" 
process 
of empty location begins 


3. DIR HIGH; when empty location reaches input stage, flag indicates 
FIFO is prepared for data input 


4. DIR returns to LOW; data shift-in to empty location 
is complete, 
FIFO is full again 


5. SI set LOW; necessary 
to complete 
shift-in process, 
DIR remains LOW, because 
FIFO is full. 


MR INPUT ~'"'" 
{ 
C tw----+t 
Il tPLHF 


DIR OUTPUT 
I 
l:M(1) 


DOR OUTPUT '~'~f 


VM(1) 


On OUTPUT TT 


MGA668 


Fig.9 
Waveforms 
showing 
the MR input to OIR, OOR and Qn output propagation 
delays and the MR pulse 


width. 


Notes 
to Fig.9 


1. OIR LOW, output ready HIGH; assume 
FIFO is full 


2. MR pulse LOW; clears FIFO 


3. OIR goes HIGH; flag indicates 
input prepared 
for valid data 


4. OOR goes LOW; flag indicates 
FIFO empty 


5. Qn outputs 
go LOW (only last bit will be reset). 


Fig.10 
Waveforms 
showing the SO input to OOR output propagation 
delay. The SO pulse widths and 
maximum 
pulse frequency. 


1. OOR HIGH; no data transfer 
in progress, 
valid data is present at output stage 


2. SO set HIGH; results in OOR going LOW 


3. OOR goes LOW; output stage "busy" 


4. SO set LOW; data in the input stage is unloaded, 
and new data replaces 
it as empty location 
"bubbles-up" 
to input 


stage 


5. OOR goes HIGH; transfer 
process completed, 
valid data present at output after the specified 
propagation 
delay 


6. Repeat process to unload the 3rd through 
to the 64th word from FIFO. 


7. OOR remains 
LOW; FIFO is empty. 


~-- 


')~~I-'W-t 


delay 


3 
VM(l) 
5 


SO INPUT jVM(1) 


--1 
i'PHL/IPLH 
:it> 


Fig.11 
Waveforms 
showing 
ripple through delay SI input to OaR output, 
OaR output pulse width and 
propagation 
delay from the OaR pulse to the On output. 


Notes to Fig.11 


1. FIFO is initially empty, SO is held HIGH 


2. SI pulse; loads data into FIFO and initiates 
ripple through process 


3. OaR flag signals the arrival of valid data at the output stage 


4. Output transition; 
data arrives 
at output stage after the specified 
propagation 
delay between 
the rising edge of the 


OaR pulse to the On output 


5. OaR goes LOW; data shift-out 
is complete. 
FIFO is empty again 


6. SO set LOW; necessary 
to complete 
shift-out 
process. 
OaR remains LOW. because 
FIFO is empty. 


On INPUT 
X 
X 
X 


DIROUTPUT_ 


MGA662 


Fig.12 
Waveforms 
showing 
81 minimum 
pulse width and maximum 
pulse frequency, 
in high-speed 
shift-in 
burst mode. 


Note to Fig.12 


In the high-speed 
mode. the burst-in 
rate is determined 
by the minimum 
shift-in HIGH and shift-in LOW specifications. 


The DIR status flag is a don't care condition. 
and a shift-in pulse can be applied 
regardless 
of the flag. A 81 pulse 
which would overflow 
the storage 
capacity 
of the FIFO is ignored. 


i 


llf max 
,tw1 
} 
\ 


SOINPUT 
tVMi1J 
\ 


OnOUTPUT X 
X 
X 


DOROUTPUT_ 


Fig.13 
Waveforms 
showing 
SO minimum 
pulse width and maximum 
pulse frequency, 
in high-speed 
shift-out 


burst mode. 


Note to Fig.13 


In the high-speed 
mode, the burst-out 
rate is determined 
by the minimum 
shift-out HIGH and shift-out 
LOW 
specifications. 
The OOR flag is a don't care condition 
and an SO pulse can be applied without regard to the flag. 


SO INPUT 
JVMI'J 
\ 
I 
\ 


~"~l 
[tPHL 


On OUTPUT 
VM(1) 


MGA66.t 
ITLH-J 
ITHL 


MR INPUT \~_{'M'" 


~ 
Irem\r 


' 


VM1 


l 


1 


~--- 


On 
OUTPUT 


LOW ·to·OFF 
OFF· 
to· 
LOW 


On 
OUTPUT 
HIGH· 
to . OFF 
OFF· 
to . HIGH 


HC 
VM; 
50%; VI; 
GND to Vcc- 


HCT 
VM ; 1.3 V; V, ; GND to 3 V. 


OE 
DOR 
51 


DOR 
51 
OE 


00 
DO 


01 
D1 


7404 
02 
D2 
7404 


03 
D3 


04 
D4 


DIR 


la-bit 
1a-bit 
data 
data 


DOR 


00 


0, 


7404 
02 
7404 


03 


04 


DIR 
SO 


MR 
MGA586 


DATA INPUT 
5 
> On 
Qn 
5 
DATA OUTPUT 


COMPOSITE 
DIR 
DOR 
COMPOSITE 
DIR 
DOR 
FLAG 
7404 
FLAG 
SI 
SO 


MR 
MR 
OE 
OE 


DIR 
DOR 


SI 
SO 
7404 


MR 
OE 


DATA INPUT I 
5 
> 
On 
Qn 
DATA OUTPUT 


MGA681 


Note to Fig.19 


The "7404" is easily expanded 
to increase 
word length. Composite 
DIR and DOR flags are formed 
with the addition 
of 
an AND gate. The basic operation 
and timing are identical to a single FIFO. with the exception 
of an added gate delay 
on the flags. 


IT) 
On 


DIR 


Note to Fig.20 


This circuit is only required 
if the SI input is constantly 
held HIGH, when the FIFO is empty and the automatic 
shift-in 


cycles are started or if SO output is constantly 
held HIGH, when the FIFO is full and the automatic 
shift-out 
cycles are 


started 
(see Figs 8 and 10). 


Expanded 
format 


Figure 21 shows two cascaded 
FIFOs providing 
a capacity 
of 128 words x 5 bits. Figure 22 shows the signals on the 
nodes of both FIFOs after the application 
of a SI pulse, when both FIFOs are initially empty. After a ripple through 
delay, data arrives at the output of FIFOA. Due to SOA being HIGH, a DORA pulse is generated. 
The requirements 
of 


Sis and Dns are satisfied 
by the DORA pulse width and the timing between 
the rising edge of DORA and 0nA' After a 
second 
ripple through 
delay, data arrives at the output of FIFOs. 


Figure 23 shows the signals on the nodes of both FIFOs after the application 
of a SOs pulse, when both FIFOs are 
initially full. After a bubble-up 
delay a DIRs pulse is generated, 
which acts as a SOA pulse for FIFOA. One word is 
transferred 
from the output of FIFOA to the input of FIFOs. The requirements 
of the SOA pulse for FIFOA is satisfied by 


the pulse width of DORs' After a second bubble-up 
delay an empty space arrives at DnA' at which time DIRA goes 
HIGH. Figure 24 shows the waveforms 
at all external 
nodes of both FIFOs during a complete 
shift-in and shift-out 


sequence. 


DORA 
SIB 
DORB 
DOR 


SOA 
DIRB 
SOB 
SO 


SI-- 
SIA 
7404 
7404 
°nB 
DATA 
OUTPUT 


DIR 
DIRA 
FIFO 
A 
°nA 
DnB 
FIFO 
B 


DATA 
INPUT 
~ 
DnA_ 


OE 
MR 
MR 
OE 


MR 
t 
j 


J 
OE 
MGA682 


Note to Fig.21 


The "7404" is easily cascaded 
to increase 
word capacity 
without 
any external circuitry. 
In cascaded 
format, all 
necessary 
communications 
are handled 
by the FIFOs. Figures 22 and 23 demonstrate 
the intercommunication 
timing 
between 
FIFOA and FIFOe. Figure 24 provides 
an overview 
of pulses and timing of two cascaded 
FIFOs, when shifted 
full and shifted 
empty again. 


SIA 
JVM(1) 
\.~2 
__ 


J\pPle 
through r-- 


delay 1 


1 


4 


DORA/SIB 
TVMI11 
---------~ 
t__ 


--l f1pple through r:::: 


delay 
~II 


7 TVM(1) 


------------------ 


Notes to Fig.22 


1. FIFOA and FIFOe initially empty, SOA held HIGH in anticipation 
of data 


2. Load one word into FIFOA; SI pulse applied, 
results in DIR pulse 


3. Data-out A/data-in e transition; 
valid data arrives at FIFOA output stage after a specified 
delay of the DOR flag, 
meeting data input set-up requirements 
of FIFOe 


4. DORA and Sle pulse HIGH; (ripple through 
delay after SIA LOW) data is unloaded from FIFOA as a result of the 
data output ready pulse, data is shifted into FIFOe 


5. DIRe and SOA go LOW; flag indicates 
input stage of FIFOe is busy, shift-out of FIFOA is complete 


6. DIRe and SOA go HIGH automatically; 
the input stage of FIFOe is again able to receive data, SO is held HIGH in 
anticipation 
of additional 
data 


7. DORe goes HIGH; (ripple through delay after Sle LOW) valid data is present one propagation 
delay later at the 
FIFOe output stage. 


\2 
J 
bubble 
- upF 


delay 
--=-3--,~ 


VM 


P 
) 
~ 
--------~ 


Notes to Fig.23 


1. FIFOA and FIFOs initially full, Sis held HIGH in anticipation 
of shifting 
in new data as an empty location 
bubbles-up 


2. Unload one word from FIFOs; SO pulse applied, 
results in DOR pulse 


3. DIRs and SOA pulse HIGH; (bubble-up 
delay after SOs LOW) data is loaded into FIFOs as a result of the DIR 
pulse, data is shifted out of FIFO. 


4. DORA and Sis go LOW; flag indicates 
the output stage of FIFOA is busy, shift-in to FIFOs is complete 


5. DORA and Sis go HIGH; flag indicates 
valid data is again available 
at FIFO. 
output stage, Sis is held HIGH, 


awaiting 
bubble-up 
of empty location 


6. DIRA goes HIGH; (bubble-up 
delay after SOA LOW) an empty location is present at input stage of FIFOA- 


(3) 
(4) 


DORB 
OUTPUT--~' 


sequence 3 
I sequence 4 I 
sequence 5 
I 
sequence 6 
I 


'-------<_-.~~JillJ 
':~''''~4) 


------- 
~"I-- 
__ 
..-.-._n~-rLR..JUUU1JlJLR..JL 


I 
sequence 1 


SOB 
INPUT J 


DIRB 
OUTPUT --Jr-llIlf1llr·~ 
..~JJlillilllli~3)~:~ 


.. 
(9) 
.. 


DORA 
OUTPUT--~:mmF'~'~:~ 


-----~.~. 
U 
lJ1Jl)UL~~ 


. 
. 
(10) 
----_.~ 
--Iff111llIlfrlllflf1flllflf1'~' 
~.JlilllillJWJlil:JJlmll~._. 
-----f.~ 


~;_MJUlJlJ1Jl:JUlJ1lliUUuUlnn.J1JUUWW:lru1 


~. 


Sequence 
1 (both FIFOS empty, starting 
SHIFT-IN 
process) 


After a MR pulse has been applied 
FIFOA and FIFOs are empty. The DOR flags of FIFOA and FIFOs go LOW due to 


no valid data being present at the outputs. 
The DIR flags are set HIGH due to the FIFOs being ready to accept data. 


SOs is held HIGH and two SIA pulses are applied (1). These pulses allow two data words to ripple through to the 
output stage of FIFOA and to the input stage of FIFOs (2). When data arrives at the output of FIFOa• a DORs pulse is 
generated 
(3). When SOs goes LOW, the first bit is shifted out and a second bit ripples through 
to the output after 
which DORs goes HIGH (4). 


Sequence 
2 (FIFOB 
runs 
full) 


After the MR pulse, a series of 
64 SI pulses are applied. 
When 


64 words are shifted in, DIRg 
remains 
LOW due to FIFOB being 
full (5). DORA goes LOW due to 
FIFOA being empty. 


Sequence 
3 (FIFOA runs full) 


When 65 words are shifted in, DORA 
remains 
HIGH due to valid data 


remaining 
at the output of FIFOA. 
QnAremains 
HIGH, being the 


polarity of the 65th data word (6). 
After the 128th SI pulse, DIR 
remains 
LOW and both FIFOs are 
full (7). Additional 
pulses have no 
effect. 


Squence 
4 (both 
FIFOs full, 
starting 
SHIFT-OUT 
process) 


SIA is held HIGH and two SOs 
pulses are applied 
(8). These pulses 
shift out two words and thus allow 
two empty 
locations 
to bubble-up 
to 


the input stage of FIFOs, and 
proceed 
to FIFOA (9). When the first 
empty location 
arrives at the input of 
FIFOA, a DIRA pulse is 
generated 
(10) and a new word is 
shifted 
into FIFOA. SIA is made LOW 
and now the second empty location 
reaches 
the input stage of FIFOA, 
after which 
DIRA remains HIGH (11). 


Sequence 
5 (FIFOA runs 
empty) 


At the start of sequence 
5 FIFOA 
contains 63 valid words due to two 
words being shifted out and one 
word being shifted in, in sequence 
4. 


An additional 
series of SOs pulses 
are applied. After 63 SOs pulses, all 
words from FIFOA are shifted into 
FIFOs. DORA remains 
LOW (12). 


Sequence 
6 (FIFOa runs 
empty) 


After the next SOs pulse, DIRg 
remains HIGH due to the input stage 
of FIFOs being empty. After another 
63 SOs pulses, 
DORs remains LOW 


due to both FIFOs being empty (14). 
Additional 
SOs pulses have no 
effect. The last word remains 
available at the output 
Qn' 


____ 
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SUPERSEDES DATA 
OF MARCH 
1988 


OCTAL 
SCHMITT 
TRIGGER 
BUFFER/LINE 
DRIVER; 
3-STATE; 
INVERTING 


• 
Inverting 
outputs 


• 
Schmitt 
trigger 
action 
on all data 
inputs 


• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT7540 
are high·speed 


Si·gate CMOS devices and are pin 
compatible 
with 
low power 
Schottky 
TTL (LSTTLl- 
They are specified in 


compliance with JEOEC standard no. 7A. 


The 74HC/HCT7540 
are octal Schmitt 
trigger 
inverting 
buffer/line 
drivers 
with 3·state outputs. The 3·state outputs 
are controlled 
by the output enable 


inputs OE 1 and OE2· 


A HIGH on OEn causesthe outputs to 
assume a high impedance OFF·state. 


The Schmitt 
trigger 
action 
in the data 


inputs 
transforms 
slowly 
changing 
input 


signals into sharply 
defined 
jitter-free 


output 
signals. 


The "7540" 
is identical to the "540" 
but has hysteresis on the data inputs. 


74HC/HCT7540 


MSI 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT I 


tPHLI 


I 


propagation delay 
CL = 15pF 
11 


I 


16 
ns 
tPLH 
An to 'in 
VCC = 5 V 


CI 
input 
capacitance 
I 
3.5 
3.5 
pF 


CPO 


power 
dissipation 
notes 1 and 2 
29 
31 
pF 
capacitance 
per buffer 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in JjW): 


Po = CPO x VCC' 
x fi + 1: (CL x VCC' x fo) where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo = output 
frequency in MHz 
VCC 
= supply voltage in V 
1: (CL X VCC' x fol 
= sum of outputs 


2. For HC 
the condition 
is VI = GNO to VCC 


For HCT the condition 
is VI = GND to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead 01 L; plastic 
(SOT146). 
20-lead mini·pack; 
plastic 
(S020; 
SOT163A). 


I 
I 
I 
I 
I 


I 
I 


! 
I 


I 
I 


I 
I 


~ 
F_i_9_' 
2_L_O_9_iC_Sy_m_b_o_I_.~: 
I 


I 


I 
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74HC/HCT7540 


MSI 


1988) 
I 


l 
- 


PIN NO. 
SYMBOL 
I NAME AND FUNCTION 


11,19 
OE 1, OE2 
output enable inputs lactive LOW) 


I 2,3,4,5, 
AO to A7 
data inputs 
6,7,8,9 


10 
GND 
ground 10VI 


18,17,16,15, 
YO to '1'7 
bus outputs 
14,13,12,11 


20 
VCC 
positive supply voltage 


INPUTS 
I 
OUTPUTS 


OE1 
- 
! 
I 
Yn 
OE2 
I 
An 


L 
L 
L 
H 
I 
L 
L 
H 
L 


I 


X 
H 
X 
Z 
H 
X 
X 
Z 


H = HIGH voltage level 
L = LOW voltage ievel 
X = don't 
care 
Z = high impedance OF F·state 


74HC/HCT7540 


MSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 
Transfer characteristics are given below Inot applicable for DEn inputs). 


Output capability: 
bus driver 


ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pI' 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 


1-40 
to +85 


UNIT 
VCC 
WAVEFORMS 
+25 
-40to+125 
V 


min. 
typo 
max. 
I min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
39 
120 


I 


150 
180 
2.0 


14 
24 
30 
36 
ns 
4.5 
Fig.8 
tpLH 
An to Y n 
11 
20 
26 
31 
6.0 


tPZHI 
3·state output enable time 
41 
150 


I 


190 
225 
2.0 


15 
30 
38 
45 
ns 
4.5 
Fig. 9 
tPZL 
OEntoYn 
12 
26 
33 
38 
6.0 
i 


tPHzI 
3-state output disable t me 
52 
150 


I 


190 
225 
I 2.0 


I Fig 
tPLZ 
OEntoYn 
19 
30 
38 
45 
ns 


I 


4.5 
9 


15 
26 
33 
38 
6.0 


tTHLI 
14 
60 


I 


75 
90 
2.0 


output transition time 
5 
12 
15 
18 
ns 
4.5 
Fig.8 
tTLH 
4 
10 
13 
15 
60 


TRANSFER 
CHARACTERISTICS 
FOR 74HC 


Voltages are refered to GND Iground = 0 V) 


Tamb 1°C) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 


-40 
to +851 
-40to 
+125 
UNIT 
VCC 
WAVEFORMS 


+25 
V 


min. 
typo 
max. 
min. 
max.[ 
min. 
max. 


1.50 
150 I 
150 I 
2.0 
VT+ 
positive-going 
threshold 
3.15 
3.15 
3.15 
V 
4.5 
Figs 6 and 7 
4.20 
4.20 
4.20 
6.0 


0.30 
0.30 
I 0.30 
2.0 


VT_ 
negative-going threshold 
1.35 
1.35 
1.35 
V 
4.5 
Figs 6 and 7 


1.80 
1.80 
1.80 
6.0 


0.10 
0.20 
0.10 
I 010 
20 


VH 
hysteresis IVT + - VT_I 
0.25 
0.40 
0.25 
0.25 
V 
45 
Figs 6 and 7 


0.30 
0.50 
0.30 
0.30 
6.0 


74HC/HCT7540 


MSI 


l"'------ 
__ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 
Transfer 
characteristics 
are given below 
(not 
applicable 
for OEn inputs), 


Output capability: bus driver 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current (""ICC) for a unit load of 1 is given in the family specifications. 
To determine ""ICC per input. multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Q.§1 
1.30 
OE2 
1.30 
An 
0.20 


AC CHARACTERISTICS 
FOR 74HCT 


GNO = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
I -40 to +851 -40to+125 
UNIT 
VCC 
WAVEFORMS 
+25 
V 


I min. 
typo 
max. I min. 
max.j 
min. 
max. 


tPHL! 
propagation delay 


I 


19 
32 
I 


40 
I 


48 
ns 
4.5 
Fig.8 
tpLH 
An to V n 


tPZH! 


I 


3-state output enable time 


I 


19 
32 
I 
1 
40 
I 


48 
ns 
4.5 
Fig.9 
tpZL 
OEntoVn 


tPHZ! 
3-state output disable time 


I 


20 I 
I 


40 
I 


tpLZ 
OEntoVn 
32 
I 


48 
ns 
4.5 
Fig. 9 


tTHL! 
output 
transition 
time 
5 
12 
I 


15 
I 
I 


18 
ns 
4.5 
Fig. 8 
tTLH 


TRANSFER 
CHARACTERISTICS 
FOR 74HCT 


Voltages are refered to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
I min. 
max. 


I VT+ 
positive-going threshold 
2.0 
2.0 


I 


2.0 
V 
4.5 
I Figs6 and 7 
2.1 
2.1 
2.1 
5.5 


VT_ 
negative·goingthreshold 


1 


070 


1 


0.64 
0.60 


I 


V 
45 
I Figs6 and 7 
0.80 
0.74 
0.70 
5.5 


VH 
hysteresis (VT+ - VT_I 
I 0.17 
0.23 
V 
4.5 
Figs 6 and 7 
0.17 
0.23 
5.5 


1988) 
I 


74HC/HCT7540 


MSI 


Fig.8 Waveformsshowing the input (An) to output (Yn) 
propagation delaysand the output transition times. 


Note 
to AC waveforms 


(1) HC 
VM = 50%; VI = GND to VCG 
HCT: VM = 1.3V; VI = GND to 3V. 


OUTPUT 
lOW'IO-OFF 


OFF-to-LOW 


OUTPUT 


HIGH· 
to-OFF 


OFF-tO-HIGH 


~---~1: 


Fig. 7 Waveformsshowing the definition of VT+, 
VT_andVH' 
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SUPERSEDES 
DATA 
OF MARCH 
1988 


OCTAL 
SCHMITT 
TRIGGEH 
BUFFER/LINE 
DRIVER; 
3-STATE 


• 
Non-inverting 
outputs 


• 
Schmitt 
trigger action on all data 


inputs 


• 
Output 
capability: 
bus driver 
• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HCfHCT7541 are high-speed 
Si-gate CMOS devicesand are pin 
compatible with low power Schottky 
TTL (LSTTLI. They are specified in 
compliance with JEOEC standard no. 7A. 


The 74HCfHCT7541 are octal Schmitt 
trigger 
non-inverting 
buffer/line 
drivers 
with 3·state outputs. The 3·stateoutputs 
are controlled by the output enable 
inputs OE1 and OE2. 


A HIGH on OEn causesthe outputs to 
assumea high impedance OFF·state. 


The Schmitt trigger action in the data 
inputs 
transforms 
slowly 
changing 
input 


signalsinto sharply defined jitter·free 
output signals. 


The "7541" 
is identical to the "541" 


but has hysteresis on the data inputs. 


74HC/HCT7541 


MSI 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


tPHLf 
propagation delay 
CL = 15pF 
10 
16 
ns 
tpLH 
An to Yn 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPO 
power 
dissipation 
notes 1 and 2 
30 
32 
pF 
capacitance 
per buffer 


GNO = 0 V; Tamb = 25°C; tr = tf = 6 ns 


Notes 
1. CPO is usedto determine the dynamic power dissipation (PO in p.W): 


Po = CPO x VCC' x fi + ~ (CL x VCC' x fol where: 


fj 
= 
input frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fo = output frequency in MHz 
VCC = supply vOltagein V 


!: (CL x VCC' x fol = sum of outputs 


2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


20·lead01L; plastic (SOT1461. 
20-leadmini-pack; plastic (S020; SOT163A). 


74HC/HCT7541 


MSI l 
_ 


PIN NO. 
SYMBOL 
, 
NAME AND FUNCTION 


1.19 


I 


OE1' OE2 
output enable inputs (active LOW) 


2,3,4,5, 
AO to A7 
data inputs 
6,7,B,9 


10 
GND 
ground (0 VI 


18,17,16,15, 
YO to Y7 
bus outputs 
14,13,12,11 


20 
VCC 
positive supply voltage 


INPUTS 
OUTPUTS 


OE1 
OE2 
An 
Yn 


L 
L 
L 
L 
L 
L 
H 
H 


X 
H 
X 
Z 
H 
X 
X 
Z 


H = HIGH vOltage level 
L = LOW voltage level 
X = don't 
care 
Z = high impedance OFF-state 
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74HC/HCT7541 


MSI 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 
Transfer characteristics are given below (not applicable for OEn inputs). 


Output capability: 
bus driver 


ICC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


UNIT 
VCC 
WAVEFORMS 


-40to+85 
-40to+125 
V 


I 


propagation delay 


An to Yn 


min. 
typo 


I 
~~ 
11 


44 
16 
13 


58 
21 
17 


14 
5 
4 


min.! 
max. 


120 
I 
1 
150 
24 
30 
20 
26 


~~O 
I ~go 
27 
34 


~~O 
I~go 


27 
34 
~~ I;~ 
10 
13 


3-state output enable time 


OEntoYn 


3-state output disable time 


OEn to Yn 


TRANSFER 
CHARACTERISTICS 
FOR 74HC 


Voltages are refered to GND (ground = 0 VI 


1 


2.0 
4.5 
6.0 


2.0 
4.5 
6.0 


2.0 
4.5 
6.0 


2.0 
4.5 
6.0 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 


1-40 
to +85 
UNIT 
VCC 
WAVEFORMS 


+25 
-40to+125 
V 


min. 
typo 
max. 
I min·r 
max. 
min. 
I 
max. 


1 


150 


I 


11.50 


I 


150 


I 


2.0 


I Figs 6 and 7 
VT+ 
positive-going 
threshold 
3.15 
3.15 
315 
V 
4.5 


4.20 
4.20 
420 
6.0 


0.30 


1 


0 


. 


30 


I 


0.30 I 
2.0 


VT_ 
negative·going threshold 
1.35 
1.35 
1.35 
V 
4.5 
Figs 6 and 7 
1.80 
1.80 
1.80 
6.0 


0.10 
0.20 


1 


010 


1 


0.10 I 
2.0 
VH 
hysteresis IVT+ - VT_l 
0.25 
0.40 
0.25 
0.25 
V 
4.5 
Figs 6 and 7 


030 
0.50 
0.30 
0.30 
6.0 


74HC/HCT7541 


MSI l 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 
Transfer 
characteristics 
are given below 
(not 
applicable 
for OEn 
inputs). 


Output 
capability: 
bus driver 


ICC category: MSI 


Note to HCT types 


The 
value of additional 
quiescent 
supply 
current 
(~ICC) 
for a unit 
load of 1 is given in the family 
specifications. 


To determine L'.ICCper input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE1 
1.30 
OE2 
1.30 
An 
0.20 


AC CHARACTERISTICS 
FOR 74HCT 


GND = OV; tr= tf= 6 ns;CL = 50pF 


I 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


I SYMBOL 
PARAMETER 


-40 to +851-40to+125 
I 


UNIT 
VCC 
WAVEFORMS 
+25 
V 


min.j 
typo I max. 
min. 
max. 
! min. 
1 
max. 
I 


tPHLI 
I 


propagation delay 


I 
1 
19 


1 
32 


1 
40 
I 
I 


48 
I 


ns 


1 


4.5 
Fig. 8 
tPLH 
An to Yn 


tpZHI 
3-state output enable time 


1 
18 


1 
32 


1 
40 
I 
I 


48 
I 


ns 
4.5 
Fig. 9 
tPZL 
OEn to Yn 


tPHzI 
I 


3-state output disable time 


1 
20 


1 
32 
40 I 
I 


48 
ns 
I 


4.5 
Fig. 9 
I 
tPLZ 
OEn to Yn 


tTHLI 
output 
transition 
time 


1 
5 
/12 
15 
I 
1 
18 
ns 
4.5 
Fig. 8 
tTLH 


TRANSFER 
CHARACTERISTICS 
FOR 74HCT 


Voltages are refered to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 


-40 to +851 -40 to +125 
UNIT 
VCC 
WAVEFORMS 
+25 
V 


min. 
typo 
max. 
min. 
max. 
I 
min. 
max. 


I 


VT+ 
I 


positive-going threshold 
2.0 
2.0 


I 


2.0 


I 
V 
4.5 I Figs6 and 7 
2.1 
2.1 
2.1 
5.5 
I 


VT_ 
negative-going 
threshold 
0.70 
0.64 
I 0.60 
V 
I 


4.5 
I Figs 6 and 7 
0.80 
0.74 
0.70 
5.5 
I 


VH 
hysteresis (VT+ - VT_) 
0.17 
0.23 


I 


V 
4.5 
Figs6 and 7 
0.17 
0.23 
5.5 
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1""" 


~(PHL- 


'THJ 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC' 
HCT: VM = 1.3 V; VI = GND to 3 V. 


L 


Fig.7 Waveformsshowing the definition of VT+, 
VT_ and VH' 


OUTPUT 


HIGH-ta-OFF 


OFF-Io-HIGH 


____ 
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74HC/HCT7597 


MSI 


• 
8-bit 
parallel 
input 
latches 


• 
Shift 
register 
has direct 
overriding 


load 
and 
clear 


• 
Output 
capability: 
standard 


• 
I CC 
category: 
MS I 


GENERAL 
DESCRIPTION 


The 
74HC/HCT7597 
are high-speed 
Si'gate 
CMOS devices and are pin compatible 
with 


low 
power 
Schottky 
TTL 
(LSTTL). 
They 
are specified 
in compliance 
with JEDEC 
standard 
no. 
7 A. 


The 
74HC/HCT7597 
both 
consist 
of an 
8-bit 
storage 
latch 
feeding 
a parallel-in, 
serial-out 
8·bit 
shift 
register. 


When IT is LOW, 
data 
at the 
On inputs 
enter 
the latches, 
In this condition 
the 
latches are transparent, 
i.e. a latch output 


will change state each time its corresponding 
D-;nput 
changes. 


When 
LE is HIGH 
the 
latches 
store 
the 


information 
that was present 
at the D-inputs, 
a set-up 
time 
preceding 
the 
LOW·to·HIGH 


transition 
of LE. 


The shift register has a positive edge- 
triggered 
clock, 
direct 
load 
(from 
storage I 
and clear inputs. 


TYPICAL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


I 


propagation 
delay 


~CP 
to 0 
15 
17 
ns 


I tPHLI 
LE to 0 
22 
27 
ns 
tpLH 
?CtoO 
CL = 15 pF 
20 
23 
ns 


D7 to 0 
VCC 
= 5 V 
20 
24 
ns 


I fmax 


maximum 
clock 
frequency 
99 
79 
MHz 


SHCp 


CI 
input capacitance 
3.5 
3.5 
pF 


CPD 


power 
dissipation 
29 
30 
pF 
capacitance 
per package 


GND 
= 0 V; Tamb 
= 25 °C;tr 
= tf = 6 ns 
Notes 


1. 
CPD 
is used to determine 
the dynamic 
power 
dissipation 
(PD in I-lW): 


PD = CPD 
x VCC' 
x fi + ~ (CL 
x VCC' 
x fa: 
where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa 
= 
output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 


~ (CL 
x VCC' 
x fa) = sum of outputs 


2. 
For 
HC 
the condition 
is VI = GND 
to VCC 
For 
HCT 
the 
condition 
is VI = GND 
to VCC 
- 
1.5 V 


PACKAGE 
OUTLINES 


16-lead 
01 L; plastic 
(S0T38Z). 


16-lead 
mini-pack; 
plastic 
(S016; 
SOT109A). 


PIN 
DESCRIPTION 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


8 
GND 
ground 
(0 VI 


9 
0 
serial data output 


10 
MR 
asynchronous 
reset input 
(active LOW) 


11 
SHCp 
shift 
clock 
input 
(LOW·to·HIGH, 
edge·triggered) 


12 
LE 
latch 
enable 
input 
(active 
LOW) 


13 
PI 
parallel 
load 
input 
(active 
LOW) 


14 
DS 
serial data input 


15,1,2,3, 


DO to D7 
parallel data inputs 
4,5,6,7 


16 
VCC 
positive supply 
voltage 


12 
'0 " 
'0 
6 


R 
SRGS 


LE 
Me 
Os 
CJ/- 
" 
Do 
13 


0, 


O2 


JD 


OJ 
INPUT 
a·BIT 
" 
'0 
20 


FLIP· 
SHIFT 
D. 
FLOPS 
REGISTER 
>D 
20 


0, 


0, 


0, 
PI SHCp 
Q 


? 


lZ93803.2 
13 
11 
lZ938041 


Fig. 
2 
Logic 
symbol. 
Fig. 
3 
I EC logic 
symbol. 


'I 
December 
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MSI 


8-BIT 


SHIFT 


REGISTER 
l 
_ 


LE 
SHCp 
Pi:: 
MR 
FUNCTION 


L 
X 
X 
X 
data enabled to input latches (transparent) 


H 
X 
X 
X 
data stored 
into 
latches (non-transparent) 


X 
X 
L 
H 
data transferred 
from 
input 
latches to 


shift register 


X 
X 
L 
L 


invalid 
logic, state of shift 
register 
indeterminate 
when 
signals removed 


X 
X 
H 
L 
shih register cleared 


X 
t 
H 
H 
shih register clocked 
On = On-l, 
00 = Os 


H = HI GH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH 
CPtransition 


_____ 
8_-_b_it_Sh_i_ft_re_ 


9 


_is_t_e_r_W_i_th_in_ 


p 


_u_t 
__la_t_ch_e_S 
~~ 
J 


74HC/HCT7597 


MSI 


'I(MarCh 
1988 


74HC/HCT7597 


MSI 
l 
_ 


input Inch tnnsparl!nt 
and Plfall.llo3ded 


$hilt 
reginer 
lZ2243 
I. 1 


Output 
capability: 
standard 


Icc category: 
MS I 


March 19881 ( 


8-bit shift register with input latches 
J 
---- 
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AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


50 
175 
220 
265 
2.0 


tpH LI 
propagation delay 
18 
35 
44 
53 
ns 
4.5 
Fig. 7 
tPLH 
SHCp to Q 
14 
30 
37 
45 
6.0 


52 
175 
220 
265 
2.0 


tPHL 


propagation delay 
19 
35 
44 
53 
ns 
4.5 
Fig. 8 
MR to Q 
15 
30 
37 
45 
6.0 


72 
250 
315 
375 
2.0 


tPHLI 
propagation delay 
26 
50 
63 
75 
ns 
4.5 
Fig. 9 
tPLH 
IT to Q 
21 
43 
54 
64 
6.0 


63 
190 
240 
285 
2.0 


tPHLI 
p~agation 
delay 
23 
38 
48 
57 
ns 
4.5 
Fig.10 


tpLH 
PL to Q 
18 
32 
41 
48 
6.0 


63 
190 
240 
285 
2.0 


tPHLI 
propagation delay 
23 
38 
48 
57 
ns 
4.5 
Fig. 11 


tPLH 
07 to Q 
18 
32 
41 
48 
6.0 


19 
75 
95 
110 
2.0 


tTHLI 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig. 10 


tTLH 
6 
13 
16 
19 
6.0 


80 
11 
100 
120 
2.0 


tw 
SHCp pulse width 
16 
4 
20 
24 
ns 
4.5 
Fig. 7 
HIGH or LpW 
14 
3 
17 
20 
6.0 


IT puIse width 
80 
11 
100 
120 
2.0 


tw 
16 
4 
20 
24 
ns 
4.5 
Fig. 9 


LOW 
14 
3 
17 
20 
6.0 


MR pulse width 
80 
17 
100 
120 


I 


2.0 


I Fig. 8 
tw 
16 
6 
20 
24 
ns 
4.5 
LOW 
14 
5 
17 
20 
6.0 


PI: pulse width 
80 
17 
100 
120 


I 


2.0 


tw 
16 
6 
20 
24 
ns 
4.5 
Fig. 10 


LOW 
14 
5 
17 
20 
6.0 


50 
-3 
65 
75 
2.0 


trem 
removal 
time 
10 
-1 
13 
15 
ns 
4.5 
Fig. 12 
MR to SHCp 
9 
-1 
11 
13 
6.0 


removal 
time 
100 
22 
125 
150 
2.0 


trem 
MR to PI: 
20 
8 
25 
30 
ns 
4.5 
Fig. 12 


17 
6 
21 
26 
6.0 


set-up time 
80 
6 
100 
120 
2.0 


tsu 
On to LE 
16 
2 
20 
24 
ns 
4.5 
Fig. 13 


14 
2 
17 
20 
6.0 


set-up time 
80 
11 
100 
120 
2.0 


tsu 
16 
4 
20 
24 
ns 
4.5 
Fig. 13 
Os to SHCp 
14 
3 
17 
20 
6.0 


set-up time 
80 
8 
100 
120 
2.0 


tsu 
16 
3 
20 
24 
ns 
4.5 
Fig. 14 
1'L to SHCp 
14 
2 
17 
20 
6.0 
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Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


I 


+25 
-40 to +85 
-40 to +125 
V 


min. 
tvP· 
max. 
min. 
max. 
min. 
max. 


hold time 
4 
-3 


I 


4 
4 
2.0 
th 
On to LE 
4 
-1 
4 
4 
ns 
4.5 
Fig. 13 


4 
-1 
4 
4 
6.0 


hold time 
2 
-8 
2 
2 
2.0 


th 
Os to SHC? 
2 
-3 
2 
2 
ns 
4.5 
Fig. 13 


2 
-2 
2 
2 
6.0 


hold time 
2 
-8 
2 
2 
2.0 


th 
PC to SHC? 
2 
-3 
2 
2 
ns 
4.5 
Fig. 14 


2 
-2 
2 
2 
6.0 


maximum 
pulse frequency 
6.0 
30 
4.8 
4.0 
2.0 


fmax 
SHC? 
30 
90 
24 
20 
MHz 
4.5 
Fig. 7 


35 
107 
28 
24 
6.0 


Output capability: 
standard 
ICC category: MSI 


Note to HCT types 


The 
value 
of additional 
quiescent 
supply 
current 
(tdCC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
6.ICC 
per input, 
multiply 
this value by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


Os 
0.25 


On 
DAD 
PC, MR 
1.50 
LE, SHC? 
1.50 


74HC/HCT7597 


MSI 


Tamb 1°C) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHL/ 
propagation delay 
20 
35 
44 
53 
ns 
4.5 
Fig. 7 
tPLH 
SHCp to Q 


tPHL 


propagation 
delay 
25 
42 
53 
63 
ns 
4.5 
Fig. 8 
MR to Q 


tpHL/ 
propagation delay 
31 
53 
66 
80 
ns 
4.5 
I Fig. 9 
tPLH 
[Eto 
Q 


tPHL/ 
propagation delay 
27 
46 
58 
69 
ns 
4.5 
Fig. 10 


tpLH 
15[ to Q 


tPHL/ 
propagation delay 
28 
49 
61 
74 
ns 
4.5 
Fig. 11 


tPLH 
07 to Q 


tTHL/ 
output 
transition 
time 
7 
15 
19 


1 
22 
ns 
4.5 
Fig. 10 
tTLH 


tw 
SHCp pulse width 
16 
6 
20 
24 
ns 
I 


4.5 
Fig. 7 


HIGH or LOW 


tw 
LE pulse width 
16 
7 
20 


1 
24 
I 


ns 
4.5 
Fig. 9 
LOW 


tw 
MR pulse width 
20 
11 


I 


25 
30 
I 


ns 
4.5 
Fig. 8 


LOW 


tw 
PL pulse width 
18 
9 
23 
27 
ns 
4.5 
Fig. 10 
LOW 


trem 
removal 
ti me 
10 
-1 
13 
15 
ns 
4.5 
Fig. 12 


MR to SHCp 


trem 


removal 
ti me 
20 
9 
25 
30 
ns 
4.5 
Fig. 14 
MR to PI 


tsu 
set-up time 
16 
5 
20 
24 
ns 


r 


4.5 
Fig. 13 


On to [E 


lsu 
set-up time 
16 
5 
20 
24 
ns 
4.5 
Fig. 13 
Os to SHCp 


tsu 
set~up time 
16 
3 
20 
24 


I 


ns 
4.5 
Fig. 12 
Pi:.to SHCp 


lh 
hold time 
4 
-2 
4 
4 
ns 
4.5 
Fig. 13 
On to [E 


th 
hold time 
2 
-4 
2 
2 
ns 
4.5 
Fig. 13 
Os to SHCP 


th 
hold time 
2 
-3 
2 
2 
4.5 
Fig. 14 
PI to SHCp 
ns 


Imax 
maximum 
pulse frequency 
30 
72 
24 
20 
MHz 
4.5 
Fig. 7 
SHCp 
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Fig. 7 Waveforms showing the SHC? input to Q output 
propagation 
delays. the SHC? pulse width and maximum 


clock 
pulse frequency. 


Fig. 8 Waveforms showing 
the MR input to Q output 
propagation 
delay and the MR pulse width. 


Fig. 9 Waveforms 
showing the CE input to Q output 


propagation 
delays and the a pulse width. 


Fig. 10 Waveforms 
showing 
the ?L input to Q output 
propagation 
delays, PC pulse width and output 
transition 
times. 


07 
INPUT -t'" 
Li", 


,;;;R 
INPUT 
-\M1II 
LF 
~'"-I 


~'II 


PL.SHCp 
a 
OUTPUT 
INPUT 


1Z93810 


__ M 


'TlH 


M,eoh1988\ 
( 


____ 
8_-_b_it_sh_if_t 
_re_ 


9 


_i_st_e_r_w_it_h_i_n_ 


p 


_u_t_la._t_c_h_e_S 
J 
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Fig. 13 Waveforms 
showing hold and set·up times for 


OS, On inputs to SHCP, LE inputs. 


Fig. 14 Waveforms 
showing set-up and hold times for 


PC input to SHCp input. 


Note to Fig. 13 


The shaded areas indicate when the input is permitted to 
change 
for predictable 
output 
performance. 


Note to AC waveforms 


(1) HC : VM=50%;VI~GNOtoVCC· 


HCT: VM = 1.3V; VI = GNO to 3 V. 


• 
Frequency 
range DC to 100 MHz. 


• Separate 
serial data inputs 


• Cascadable 


• Functionally 
compatible 
with 
HEF 4731 


• 
Includes 
recycling 
mode 


• 
Direct shift out 


• Output capability: 
Standard 


• Ice category: 
LSI. 


• 
Data storage 


• Delay line. 


GENERAL 
DESCRIPTION 


The HC/HCT7731 
are high-speed 
Si-gate CMOS devices. 
They are 
specified 
in compliance 
with JEDEC 
standard 
no. 
7A. 


The HC/HCT7731 
are quad 54-bit 


static shift registers 
with a recycling 
mode. Each register has separate 
data inputs Da to Dd, clock inputs 
CPa to CPd and data outputs 
Oa to ad' Data shifts one place 
towards 
the output, 
each LOW to 
HIGH transition 
of the clock pulse. 
Each recycling 
mode input controls 
two registers 
RECab for registers A 
and Band 
RECcd for registers 
C and 


D. When the REC input is HIGH, the 
device is in the recycling 
mode and 


data at the output is shifted back 
into the input of the register, so after 
54 clock pulses the contents 
of a 
register is again in its original 
position. 
This enables the user to 


tap off data from any position. 
When 


the REC input is LOW external data 
can be shifted 
in. 


QUICK 
REFERENCE 
DATA 


GND = 0 V; Ta"" = 25 °C; t, = tf = 5 ns. 


TYP. 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHJtPLH 


propagation 
delay 
CL=15pF 
15 
20 
ns 
CPa-<lto Oa-<l 
Vee = 5 V 


fmax 
maximum 
clock 
100 
100 
MHz 
frequency 


CI 
input capacitance 
3.5 
3.5 
pF 


Cpo 
power dissipation 
notes 1,2 
58 
51 
pF 
capacitance 
per register 
and 3 


Notes 


Cpo is used to determine 
the dynamic 
power dissipation 
(Po in ~W): 


Po = (Cpo X Vee2 X fi) + (CL + Vee2 x fo) + (Ipun.•.•p x Vee) 
where: 
fi = input frequency 
in MHz. 
fo = output frequency 
in MHz. 


Vee = supply voltage 
in V. 
CL = output load capacitance 
in pF. 


lpuh" = pull-up currents 
in ~A. 


For HC the condition 
is VI = GND to Vee 


For HCT the condition 
is VI = GND to Vee - 1.5 V. 


See also power dissipation 
information. 


EXTENDED 
TYPE 
PACKAGE 


NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HC/HCT7731 
N 
15 
OIL 
plastic 
SOT38Z 


74HC/HCT7731D 
15 
S015 
plastic 
SOT109A 


SYMBOL 
PIN 
DESCRIPTION 


Qato Qd 
1,7,9,15 
data outputs 


CPa to CPd 
2,6, 
10,14 
clock inputs 


Da to Dd 
3,5,11,13 
data inputs 


RECab,RECcd 
4, 12 
recycled enable input 


GND 
8 
ground (0 V) 


Vcc 
16 
positive supply 


3 Da 
Qa 
1 
2 cPa 


4 RECab 


5 Db 
Qb 
7 
6 CPb 


11 Dc 
Qc 
9 
10 CPc 


12 RECCd 


13 Dd 
Qd 
15 


14 CPd 


MBA342 


RECn -t> 


o 
Q 


FF1 


+ 
to second 
shitt register 


INPUT 
OUTPUT 


REC 
CP 
MODE 


L 
i 
shift 


H 
i 
recycle 


1. 
L = LOW voltage 
level 


2. 
H = HIGH voltage 
Level 


3. i = LOW-to-HIGH 
CP transistion 


o 
Q 


FF64 


CP 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics", 
section "Family specifications". 


Output capability: 
standard 
Ice category: 
LSI. 


AC CHARACTERISTICS 
FOR 74HC 
GNO = 0 V; t, = ~= 6 ns; CL = 50 pF. 


T.mb (OC) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vee 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 
- 
50 
155 
- 
190 
- 
230 
ns 
2.0 


tPHL/tpLH delay time CP 
- 
18 
31 
- 
38 
- 
46 
ns 
4.5 
Figo4 


to an 
- 
15 
26 
- 
32 
- 
39 
ns 
6.0 


output 
- 
19 
75 
- 
90 
- 
110 
ns 
2.0 


tlHL/tTLH 
transistion 
- 
7 
15 
- 
18 
- 
22 
ns 
4.5 
Fig.4 
time 
- 
6 
13 
- 
15 
- 
19 
ns 
6.0 


clock pulse 
80 
19 
- 
100 
- 
120 
- 
ns 
2.0 
tw 
width 
16 
7 
- 
20 
- 
24 
- 
ns 
4.5 
Fig A 
HIGH or LOW 
14 
6 
- 
17 
- 
20 
- 
ns 
6.0 


set-up time On 
60 
8 
- 
75 
- 
90 
- 
ns 
2.0 
t.u 
to CPn 
12 
3 
- 
15 
- 
18 
- 
ns 
4.5 
Fig.4 
10 
3 
- 
13 
- 
15 
- 
ns 
6.0 


set-up time 
75 
22 
- 
90 
- 
110 
- 
ns 
2.0 
tsu 
RECn to CPn 
15 
8 
- 
18 
- 
22 
- 
ns 
4.5 
Fig.5 
13 
7 
- 
15 
- 
19 
- 
ns 
6.0 


hold time On 
25 
-3 
- 
30 
- 
35 
- 
ns 
2.0 
In 
to CPn 
5 
-1 
- 
6 
- 
7 
- 
ns 
4.5 
Figo4 


4 
-1 
- 
5 
- 
6 
- 
ns 
6.0 


hold time 
10 
-8 
- 
10 
- 
15 
- 
ns 
2.0 


In 


RECn to CPn 
2 
-3 
- 
2 
- 
3 
- 
ns 
4.5 
Fig.5 
2 
-3 
- 
2 
- 
3 
- 
ns 
6.0 


maximum 
6 
26 
- 
4.8 
- 
4 
- 
MHz 
2.0 
fmax 
clock pulse 
30 
78 
- 
24 
- 
20 
- 
MHz 
4.5 
Figo4 (note 1) 
frequency 
35 
93 
- 
28 
- 
23 
- 
MHz 
6.0 


INPUT 
UNIT LOAD 
COEFFICIENT 


CPn 
0.7 


RECn 
004 


On 
0.5 


Notes 
to HCT DC Characteristics 


1. The RS input has CMOS input switching 
levels. 


2. The value of additional 
quiescent 
supply current (t>lccl for a unit load of 1 is given in the family specifications. 
To 
determine 
t>lcc per input, multiply this value by the unit load coefficient 
shown in Table 1. 


AC CHARACTERISTICS 
FOR 74HCT 
GND = 0 V; t, = ~= 6 ns; Cl = 50 pF. 


Tamb (OC) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
Vcc 
WAVEFORMS 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


tpHl/tpLH 
propagation 
delay time 
- 
24 
42 
- 
52 
- 
63 
ns 
4.5 
Fig.4 


CP to an 


tTHJt1LH 
output transmission 
time - 
7 
15 
- 
18 
- 
22 
ns 
4.5 
Fig.4 


tw 


clock pulse width 
16 
7 
- 
20 
- 
24 
- 
ns 
4.5 
Fig.4 
HIGH or LOW 


!'u 
set-up time Dn to CPn 
12 
3 
- 
15 
- 
18 
- 
ns 
4.5 
Fig.4 


tsu 
set-up time RECn to CPn 
15 
6 
- 
18 
- 
22 
- 
ns 
2 
Fig.5 


th 
110Idtime Dn to CPn 
5 
0 
- 
6 
- 
7 
- 
ns 
2 
Fig.4 


th 
hold time RECn to CPn 
2 
-3 
- 
2 
- 
3 
- 
ns 
4.5 
Fig.5 


ftnaJ( 


maximum 
clock pulse 
30 
80 
- 
24 
- 
20 
- 
MHz 
4.5 
Fig.4 (note 1) 
frequency 


t 
PLH 
_i 


VM(l) 
------ 


t TLH 


Fig.4 
Waveforms 
showing 
the clock (CP) and data (0) input to output (Q) propagation 
delay, set-up, 
hold and 


transition 
times. 


(1) 
HC 


HCT 


VM = 50%; VI = GNO to Vcc 


VM = 1.3 V; VI = GNO to 3 V. 


V 
/ 


,/' 


./ 


,/'./' 


./' 


The power dissipation 
per register operating 
at the same 
frequency 
is given by: 


Po = (Cpo X VCC2 x fi) + (CL + VCC2 
X fo) + (Ipuu.•.•P x Vcc) 


= clock input frequency 
= data output frequency 
= output load capacitance 
in pF 


= power supply voltage in V. 


As Po also depends on the frequency 
at which the 


contents 
of the internal bits are changing, 
the value of 


Cpo is a function 
of the duty factor (d,) being the ration 


between data and clock frequency, 
see Fig.6. 


Example: 


fi 
= 12 MHz 


fo 
= 3 MHz 


CL 
= 25 pF 


Vcc 
= 5 V 


d, 
= 3/12 = 0.25 


Cpo 
= 42.5 pF 


Po = (42.5 X 52 x 12) + (25 x 52 x 3) = 14625 !lW 


As the maximum 
allowable 
power dissipation 
in an SO 


package at Tamb = 125°C 
is 60 mW, it is allowed to apply 


4 registers 
at the same time under these conditions. 


_____ 
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74HC/HCT9014 


MSI 


SUPERSEDES DATA 
OF MARCH 
1988 


NINE WIDE SCHMITT 
TRIGGER 
BUFFER/LINE 
DRIVER; 
INVERTING 


FEATURES 


• 
Schmitt 
trigger 
action 
on all data 
inputs 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT9014 
are high-speed 


Si-gate CMOS devices and a'e pin 
compatible 
with low power Schottky 
TTl 
(lSTTl), 
They are specified 
in 


compliance 
with JEOEC standard 
no. 7A. 


The 74HC/HCT9014 
are nine wide 


Schmitt 
trigger inverting buffer/line 


drivers with Schmitt 
trigger inputs. These 
inputs transform 
slowly changing 
input 
signals into sharply defined 
jitter-free 


output 
signals. 


The "9014" 
is identical to the "9015" 
but has inverting inputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHl/ 
propaga!!on 
delay 
Cl=15pF 
12 
13 
ns 
tplH 
An to Yn 
VCC = 5 V 


CI 
input capacitance 
3.5 
3.5 
pF 


CpO 
power dissipation 
notes 
1 and 2 
30 
32 
pF 
capacitance 
per buffer 


Notes 


1. CPO is used to determine 
the dynamic 
power dissipation 
(PO in /,W): 


Po = CPO x VCC' 
x fi + l: (Cl 
x VCC' 
x fol where: 


fi 
= input frequency 
in MHz 
Cl 
output 
load capacitance 
in pF 


fo 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage in V 
~ ICl 
x VCC' 
x fo) = sum of outputs 


2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead 
01 L; plastic 
(SOTI46). 


20-lead 
mini-pack; 
plastic 
(S020; 
SOTI63AI. 


PIN NO. 
SYMBOL 
NAME ANO FUNCTION 


1,2,3,4, 
AO to Aa 
data inputs 
5,6,7,a,9 


10 
GNO 
ground 
(0 VI 


19, la, 
17, 16, 


15,14,13,12, 
Vo to Va 
data outputs 
11 


20 
VCC 
positive 
supply voltage 


~Q 
'~19 
~ 
21_~18 


1~19 


2~18 


3~17 


4~16 


S~15 


6~14 


7~13 


a~t2 


9~11 


3~17 


~Y3 
4~16 


~Y. 
5~15 


6~14 


7~13 


8~12 


9~11 


74HC/HCT9014 


MSI l 
_ 


A'-0r-i>-V' 


MBADl8 


INPUTS 
I 
OUTPUTS 


An 
I 
Yn 


L 
I 


H 
H 
L 


Ape""·'1 ( 


74HC/HCT9014 


MSI 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
seechapter "HCMOS 
family 
characteristics'; 
section "Family 
specifications". 


Transfer characteristics 
are given below. 


Output 
capability: 
standard 


ICC category: 
MSI 


TRANSFER 
CHARACTERISTICS 
FOR 74HC 


Voltages are refered to GND (ground = 0 Vj 


Tamb (OCl 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
74HC 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to+85 
-40to+125 
V 
min. 
typo 
max. 
min. 
max. 
min·lmax. 


0.70 
1.13 
1.50 
0.70 
1.50 
0.70 
1.50 


1 
2 


. 
0 


VT+ 
positive-going threshold 
1.75 
2.37 
3.15 
1.75 
3.15 
1.75 
3.15 
V 
4.5 
Figs 6 and 7 


2.30 
3.11 
4.20 
2.30 
4.20 
2.30 
4.20 
6.0 


I negative-going threshold 
0.30 
0.70 
1.10 
0.30 
1.10 
0.30 
1.10 


1 
2 


. 
0 


VT_ 
1.35 
1.80 
2.40 
1.35 
2.40 
1.35 
2.40 
V 
4.5 
Figs 6 and 7 


1.80 
2.43 
3.30 
1.80 
3.30 
1.80 
3.30 
6.0 


0.2 
0.43 
0.80 
0.18 
0.80 
0.15 
0.80 


1 
2 


. 
0 


VH 
hysteresis (VT+ -VT_l 
0.4 
0.57 
1.00 
0.40 
1.00 
0.40 
1.00 
V 
4.5 
Figs 6 and 7 


0.5 
0.68 
1.10 
0.50 
1.10 
0.50 
1.10 
6.0 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCl 
I 
TEST CONDITIONS 


SYMBOL 
PARAMETER 
74HC 
UNIT 
VCC WAVEFORMS 


+25 
-40 
to +85 
-40to+1251 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 
I 


tPHLI 
I propag~tion 
delay 


I 


33 
105 
130 
160 


1 
2 
. 
0 
12 
21 
26 
32 
ns 
4.5 
Fig.8 


tPLH 
An to Yn 
10 
18 
22 
27 
6.0 


tTHLI 
19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.8 


tTLH 
6 
13 
16 
19 
6.0 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
seechapter "HCMOS 
family characteristics", 
section "Family 
specifications". 


Transfer characteristics 
are given below. 


Output 
capability: 
standard 
Ice category: 
MSI 


Note to HCT types 


The value of additional 
quiescent supply current 
(f>.lecl for a unit load of 1 is given in the family 
specifications. 


To determine 
f>.lee per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


/ 


UNIT 
LOAD 
COEFFICIENT 


Tamb (OC) 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40to 
+85 
-40 
to+125 


IV 


min. 
typo 
max. 
min. 
max. 
min. 
max. 
I 


VT+ 
positive-going 
threshold 
10.9 
1.50 
2.0 
0.9 
2.0 
0.9 
2.0 
4.5 
Figs 6 and 7 
1.2 
1.70 
2.1 
1.2 
2.1 
1.2 
2.1 
V 
5.5 


VT_ 
negative-going threshold 
0.7 
1.06 
1.4 
0.7 
1.4 
0.7 
1.4 
4.5 
Figs 6 and 7 
0.8 
1.27 
1.7 
0.8 
1.7 
0.8 
2.7 
V 
5.5 


VH 
hysteresis (VT + - 
VT _l 
0.2 
0.44 
0.8 
0.2 
0.8 
0.2 
0.8 
4.5 
Figs 6 and 7 
0.2 
0.44 
0.8 
0.2 
0.8 
0.2 
0.8 
V 
5.5 


AC CHARACTERISTICS 
FOR 74HCT 


GND =0 
V;tr= 
tf=6 
ns; eL = 50 pF 


Tamb (OCl 
I 
TEST CONDITIONS 


I 
74HCT 
SYMBOL 
PARAMETER 
I 
UNIT 
Vec 
WAVEFORMS 
+25 
-40 
to +85 
-40to+125 
V 


min. 
typ- 
max. 
min. 
max. I min. 
max. 


tPHL/ 
propagation 
delay 
19 
32 
40 
48 
4.5 
Fig.8 
tpLH 
An to Yn 


ns 


tTHL/ 
output transition time 
7 
15 
19 
22 
ns 
4.5 
Fig.8 
tTLH 


AWil1989! 
( 


74HC/HCT9014 


MSI 


·'trl_ 


_I 
VH 1_ 
v, 


l:~ ),~~ 


ITHLJl-(t_l-----::.J-L 


Fig.8 Waveforms showing the input 
(An) to output (Vn) propagation 
delays and the output 
transition 


times. 


---_I: 


Fig.7 Waveforms showing the definition 
of VT+. VT _ and VH. 


Note to AC waveforms 


(1) HC : VM = 50%; VI = GND to VCC. 
HCT: VM = 1.3 V; VI = GND to 3 V. 


'I(AP,n 19B9 


____ 
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74HC/HCT9015 


MSI 


SUPERSEDES 
DATA 
OF MARCH 
1988 


NINE 
WIDE 
SCHMITT 
TRIGGER 
BUFFER/LINE 
DRIVER 


• 
Schmin 
trigger 
action 
on all data 
inputs 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT9015 
are high-speed 
si-gate CMOS devices and are pin 
compatible 
with low power Schottky 


TTL (LsTTL). 
They are specified in 
compliance with JEOEC standard no. 7A. 


The 74HC/HCT9015 
are nine wide 
Schmitt trigger buffer/line 
drivers with 
Schmitt trigger inputs. These inputs 
transform 
slowly changing input signals 
into sharply defined jitter-free 
output 
signals. 


The "9015" 
is identical to the "9014" 


but has non· inverting 
inputs. 


TYPICAL 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
CL=15pF 
12 
13 
ns 
tpLH 
An to Yn 
VCC = 5 V 


CI 
input capacitance 
3.5 
I 3.5 
pF 


CpO 
power dissipation 
notes 1 and 2 
30 
32 
pF 
capacitance per buffer 


Notes 


1. CPO is used to determine the dynamic power dissipation (PD in /lW): 


Po = CPO x VCC' x fi + ~ (CL x VCC' 
x fo) where: 


fi 
= input frequency in MHz 
CL 
output 
load capacitance in pF 
fo = output 
frequency in MHz 
VCC 
= supply voltage in V 
~ ICL X VCC' x fa) = sum of outputs 
2. For HC 
the condition 
is VI = GND to VCC 


For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead OIL; plastic (SOT1461. 
20-lead mini-pack; plastic IS020; SOT163A). 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,2,3,4, 
AOto Aa 
data inputs 
5,6,7,a,9 


10 
GND 
ground (0 V) 


19, la, 17, 16, 
15,14,13,12, 
Voto 
Ya 
data outputs 
11 


20 
VCC 
positive supply voltage 


1~19 


2~18 


3~t7 


4~16 


5~IS 


6~1' 


7~13 


a~12 


9~11 


.wBA013 


~ 
4~16 
~ 
S~15 


6~14 


7~13 


8~12 


9~lt 


JJBA416 


74HC/HCT9015 
MSI l 
_ 


INPUTS 
I 
OUTPUTS 


An 
I 
Yn 


L 


I 


L 
H 
H 


AO';l19891( 


74HC/HCT9015 
MSI 


For the DC characteristics 
seechapter "HCMOS 
family 
characteristics", 
section "Family 
specifications". 
Transfer characteristics 
are given below. 


Output 
capability: 
standard 
ICC category: 
MSI 


TRANSFER 
CHARACTERISTICS 
FOR 74HC 


Voltages are refered to GND (ground = 0 V) 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
I UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


0.70 
1.13 
1.50 
0.70 
1.50 
0.70 
1.50 
2.0 


VT+ 
positive·going 
threshold 
1.75 
2.37 
3.15 
1.75 
3.15 
1.75 
3.15 
V 
4.5 
Figs 6 and 7 


2.30 
3.11 
4.20 
2.30 
4.20 
2.30 
4.20 
6.0 


0.30 
0.70 
1.10 
0.30 
1.10 
0.30 
1.10 
2.0 


VT_ 
negative-going threshold 
1.35 
1.80 
2.40 
1.35 
2.40 
1.35 
2.40 
V 
4.5 
Figs 6 and 7 
1.80 
2.43 
3.30 
1.80 
3.30 
1.80 
3.30 
6.0 


0.2 
0.43 
0.80 
0.18 
0.80 
0.15 
0.80 
2.0 


VH 
hysteresis (VT+ - 
VT_1 
0.4 
0.57 
1.00 
0.40 
1.00 
0.40 
1.00 
V 
4.5 
Fig.6 


0.5 
0.68 
1.10 
0.50 
1.10 
0.50 
1.10 
6.0 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max 
I 


tPHLI 
propagation 
delay 
33 
105 
130 
160 
2.0 
12 
21 
26 
32 
ns 
4.5 
Fig.8 
tpLH 
An to Yn 
10 
18 
22 
27 
6.0 


tTHLI 


19 
75 
95 
110 
2.0 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.8 
tTLH 
6 
13 
16 
19 
6.0 


'I( Apd' 
1989 


74HC/HCT9015 
MSI l 
_ 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapter "HCMOS 
family 
characteristics", 
section "Family 
specifications. 
Transfer characteristics 
are given below. 


Output 
capability: 
standard 


ICC category: 
MSI 


Note to HCT types 


The value of additional 
quiescent supply current 
(~Iccl 
for a unit load of 1 is given in the family 
specifications. 
To determine 
~ICC per input, multiply 
this value by the unit load coefficient 
shown in the table below. 


UNIT 
LOAD 
COEFFICIENT 


TRANSFER 
CHARACTERISTICS 
FOR 74HCT 


Voltages are refered to GND (ground = a V) 


Tamb (OC) 
TEST CONDITIONS 


74 HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC WAVEFORMS 
+25 
-40 
to+85 
-40 
to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


VT+ 
I positive-going threshold 
0.9 
1.50 
2.0 
0.9 
2.0 
0.9 
2.0 
4.5 
1.2 
1.70 
2.1 
1.2 
2.1 
1.2 
2.1 
V 
5.5 
Figs 6 and 7 


VT- 
negative·going threshold 
0.7 
1.06 
1.4 
0.7 
1.4 
0.7 
1.4 
4.5 
0.8 
1.27 
1.7 
0.8 
1.7 
0.8 
2.7 
V 
5.5 
Figs 6 and 7 


VH 
hysteresis (VT+ -VT-) 
0.2 
0.44 
0.8 
10.2 
0.8 
0.2 


1 
0 


. 
8 
4.5 
0.2 
0.44 
0.8 
0.2 
0.8 
0.2 
0.8 
V 
5.5 
Figs 6 and 7 


AC CHARACTERISTICS 
FOR 74HCT 


GND = a V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74 HCT 
SYMBOL 
PARAMETER 
UNIT 
VCC WAVEFORMS 
+25 
-40 
to +85 
-40 
to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHL/ 
propagation 
delay 
18 
32 
40 
48 
4.5 
Fig.8 
tpLH 
An to Yn 


ns 


tTHL/ 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig.8 
tTLH 


April 
1989I( 


74HC/HCT9015 
MSI 


Fig.7 Waveforms showing the definition 
of VT+. VT _ and VH. 


An 
INPUT }" 
:f..1= 


Yn 
OUTPUT - ''"1 


tTHL 


VM(1) 


MBA019 
-l 
'TLH 


Fig.8 Waveforms showing the input 
(An) to output 
(Y n) propagation 


delays and the output 
transition 


times. 


(1) 
HC: 
VM: 
50%; VI: 
GND to VCC. 


HCT: VM: 
1.3 V; VI : GND to 3 V. 


Preliminary 
Specification 


• 
Low power 
consumption 


• Centre frequency 
up to 
17 MHz 
(typ.) at Vcc = 5.5 V 


• Choice of two phase 


comparators: 


• 
EXCLUSIVE-OR 
(PC1) 


• 
edge-triggered 
JK 
flip-flop 


(PC2) 


• 
No dead zone of PC2. 


• Charge 
pump output on PC2. 


whose current 
is set by an 
external 
resistor 
Rb 


• Centre frequency 
tolerance 
±1 0% 


• 
Excellent 
VCO linearity 


• Low frequency 
drift with supply 


voltage 
and temperature 
variations 


• On chip bandgap 
reference 


• Glitch free operation 
of VCO. 


even at very low frequencies 


• Inhibit control 
for ON/OFF 
keying 
and for low standby 
power 
consumption 


• Operation 
power supply voltage 
range 4.5 to 5.5 V 


• Zero voltage 
offset due to 
op-amp 
buffering 


• Output 
capability: 
standard 


• 
ICC category: 
MSI 


• 
FM modulation 
and demodulation 


where a small centre frequency 
tolerance 
is essential 


• 
Frequency 
synthesis 
and 
multiplication 
where a low jitter is 
required 
(e.g. Video 
picture-in-picture) 


• 
Frequency 
discrimination 


• Tone decoding 


• 
Oata synchronization 
and 


conditioning 


• Voltage-to-frequency 
conversion 


• Motor-speed 
control. 


GENERAL 
DESCRIPTION 


The 74HCT9046A 
is a high-speed 
Si-gate CMOS device. 
It is specified 


in compliance 
with JEOEC 
standard 


no. 
7A. 


QUICK 
REFERENCE 
DATA 


GNO = 0 V; Tamo 
= 25°C; 
t,.= t,. ::; 6 ns. 


SYMBOL 
PARAMETER 
CONDITIONS 
TYP. 
UNIT 


fo 
VCO centre frequency 
C, = 40 pF 
16 
MHz 


R, = 4.3 kQ 
Vcc = 5 V 


C, 
input capacitance 
3.5 
pF 


Cpo 
power dissipation 
notes 1 and 2 
20 
pF 
capacitance 
per package 


Notes 


(1) CpO is used to determine 
the dynamic 
power dissipation 
(Po in lJ.W) 


Po = CpO X VCC2 X fi + r (CL x VCC2 X fo) where: 


fi = input frequency 
in MHz; CL = output load capacity 
in pF; 
fo = output frequency 
in MHz; Vcc = supply voltage 
in V; 


L (CL X Vcc2 X fo) = sum of the outputs. 


(2) Applies to the phase comparator 
section only (inhibit = HIGH). For 


power dissipation 
of the VCO and demodulator 
sections 
see Figs 24 and 25. 


EXTENDED 
PACKAGE 
TYPE 
NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


74HCT9046AP 
16 
OIL 
plastic 
OIL 16/S0T38Z 


74HCT9046AT 
16 
SO 
plastic 
S016/S0T109A 


SYMBOL 
PIN 
DESCRIPTION 


GND 
1 
ground (0 V) (phase 
comparators) 


PC1oUT/PCPoUT 
2 
phase comparator 1 output/phase 
oomparator pulse output 


COMP'N 
3 
comparator 
input 


VCOOUT 
4 
VCO output 


INH 
5 
inhibit input 


C1. 
6 
capacitor 
C1 connection 
A 


C1s 
7 
capacitor 
C1 connection 
B 


GND 
8 
ground (0 V) (VCO) 


VCO'N 
9 
VCO input 


DEMoUT 
10 
demodulator 
output 


R1 
11 
resistor R1 connection 


R2 
12 
resistor R2 connection 


PC20UT 
13 
phase comparator 2 output 
(current source adjustable with R,,) 


SIG'N 
14 
signal input 


Rb 
15 
bias resistor (Rb) connection 


Vcc 
16 
positive supply voltage 


GNO 
, 


pc, OUT'} 
2 


PCPOUT 


COMP 
IN 
3 


VCOOUT 
4 


VCC 


Rb 


SIG,N 


PC20UT 


R2 


PC1/PCPOUT 
2 
<l> 
3 
COMP,N 
PLL 


14 
SIG IN 
<l> 
9046A 


15 
Rb 
PC20UT 
13 
3 
COMP,N 
PC1/PCP 
2 


14 
SIG IN 
PC2 
13 


6 
CX 


6 
C1A 
7 
CX 
7 
C1S 
VCOOUT 
4 
11 
RX 


11 
Rl 
12 
RX 
OEM 
n 
10 
VCO 
12 
R2 
15 
RS 
vco 
# 
4 


9 
VCO 
IN 
OEM OUT 
10 
9 n 


VCO 


5 
5 
# 
INH 
INH 


MB0038 
MSOO39 


Cl 


C1A 
C16 


9046A 


R2 
12 


R2 
VCO 


R1 


I 
I 
_________________ 
J 


5 
10 
9 


INH I 
OEM OUT 
VCOIN 


RS 


2 
PClIPCPOUT 
R3 
- - - - - ---c:::J---, 


I 


I 
I 
I 
I 


10 
DEMOUT 
R3f 


CI 
'OUT 
I 7 


C1A 
VCOOUT 


9 


VCOIN 


'~iC_ 
0 
Q 


CP 


PCtOUT' 


PCP OUT 


PC20UT 
t3 


CHARGE 
PUMP 
R4 


C2 


Rb 
15 
~ 


Preliminary 
Specification 


FUNCTIONAL 
DESCRIPTION 


The 74HCT9046A 
is a 
phase-locked-loop 
circuit that 


comprises 
a linear 


voltage-controlled-oscillator 
(VCO) 


and two different 
phase comparators 


(PC1 and PC2) with a common 
signal input amplifier 
and a common 


comparator 
input (see FigA). The 


signal input can be directly coupled 
to large voltage 
signals, or indirectly 
coupled 
(with a series capacitor) to 


small voltage 
signals. A self-bias 
input circuit keeps small voltage 
signals within the linear region of the 
input amplifiers. 
With a passive 
low-pass 
filter, the '9046A' forms a 
second-order 
loop PLL. 


The principle 
of this 
phase-locked-loop 
is based on the 


familiar HCT4046A. 
However extra 


features 
are built in, allowing very 
high performance 
phase-locked-loop 
applications. 
This is done, at the 
expense 
of PC3, which is skipped in 


this HCT9046A. 
The PC2 is 
equipped 
with a current source 


output stage here. Further a 
bandgap 
is applied for all internal 


references, 
allowing 
a small centre 
frequency 
tolerance. 
The details are 
summed 
up in the next section 
called: 'Differences 
which respect to 


the familiar HCT4046A'. 
If one is 
familiar with the HCT4046A 
already, 
it will do 10 read this section only. 


DIFFERENCES 
WITH RESPECT 


TO THE FAMILIAR 
HCT4046A 


• A centre frequency 
tolerance 
of 
maximum ± 10% 


• The on board bandgap 
sets the 
internal references 
resulting in a 
minimal frequency 
shift at supply 
voltage variations 
and 
temperature 
variations 


• The value of the frequency 
offset 
is determined 
by an internal 
reference 
voltage of 2.5 V 
instead of Vcc - 0.7 V. In this way 
the offset frequency 
will not shift 
over the supply voltage 
range. 


• A current switch charge pump 
output on PC2 allows a virtually 
ideal performance 
of PC2. The 
gain of PC2 is independent 
of the 


voltage across the low pass filter. 
Further a passive 
low pass filter 
in the loop achieves 
an active 
performance 
now. The influence 


of the parasitic 
capacitance 
of 


the PC2 output plays no role 
here, resulting 
in a true 


correspondence 
of the output 


correction 
pulse and the phase 


difference 
even up to phase 
differences 
as small as a few 


nanoseconds. 
Because 
of its 
linear peerformance 
without 


deadzone, 
higher impedance 


values for the filter, hence lower 
C-values, 
can now be chosen. 


Correct operation 
will not be 


inflluenced 
by parasitic 


capacitances 
as in the instance 
with voltage 
source output of the 
4046. 


• No PC3 on pin 15 but instead a 


resistor connected 
to GND, which 


sets the load/unload 
currents 
of 


the charge pump (PC2). 


• 
Extra GND pin at pin 1 to allow 
an excellent 
FM demodulator 
performance 
even at 10 MHz and 
higher. 


• Combined 
function 
of pin 2. If 


pin 15 is tied to Vcc (No bias 
resistor Rb) pin 2 has its familiar 
function viz. output of PC1. If at 
pin 15 a resistor 
(Rb) is 
connected 
to GND it is assumed 
that PC2 has been chosen as 
phase comparator. 
Connection 
of 


Rb is sensed by internal circuitry 
and this changes 
the function of 


pin 2 into a lock detect output 
(PCP out) with the same 
characteristics 
as PCP out of pin 1 
of the well known 74HCT4046A. 


• The inhibit function 
differs. For 


the HCT4046A 
a HIGH level at 
the inhibit input (INH) disables 
the VCO and demodulator, 
while 
a LOW level turns both on. For 
the 74HCT9046A 
a HIGH level 
on the inhibit input disables 
the 
whole circuit to allow quiescent 
supply current testing. 


The VCO requires 
one external 
capacitor 
C1 (between 
C1A and C1s) 
and one external 
resistor 
R1 
(between 
R, and GND) or two 
external resistors 
R1 and R2 
(between 
R, and GND. and R2 and 
GND). Resistor 
R1 and capacitor 
C1 
determine 
the frequency 
range of 
Ihe VCO. Resistor 
R2 enables the 
VCO to have a frequency 
offset if 
required (see Fig.5). 
The high input impedance 
of the 
VCO simplifies the design of the 
low-pass filters by giving the 


designer 
a wide choice of 
resistor/capacitor 
ranges. 
In order 


not to load the low-pass 
filter, a 
demodulator 
output of the VCO 


input voltage 
is provided 
at pin 10 


(DEMoUT)' The DEMoUT voltage 
equals that of the VCO input. If 
DEMoUT is used, a load resistor 
(Rs) 
should be connected 
from pin 10 to 


GND; if unused, 
DEMoUT should be 


left open. The VCO output (VCOOUT) 
can be connected 
directly to the 


comparator 
input (COMP'N)' or 


connected 
via a frequency-divider. 
The VCO output signal has a duty 
factor of 50% (maximum 
expected 


deviation 
1%), if the VCO input is 


held at a constant 
DC level. A LOW 
level at the inhibit input (INH) 
enables the VCO and demodulator, 
while a HIGH level turns both off to 
minimize 
standby 
power 


consumption. 


Phase comparators 


The signal input (SIG'N) can be 
directly coupled to the self-biasing 
amplifier 
at pin 14, provided 
that the 


signal swing is between 
the 
standard 
HC family input logic 


levels. Capacitive 
coupling 
is 
required for signals with smaller 
swings. 


PHASECOMPARATOR1 (PC1) 


This is an EXCLUSIVE-OR 
network. 
The signal and comparator 
input 
frequencies 
(f;) must have a 50% 


duty factor to obtain the maximum 


locking range. The transfer 
characteristic 
of PC1, assuming 
ripple (f, = 2f;) is suppressed, 
is: 


3K,JVOEMOUT 
= 


Vcc 
--;;-CFS1GIN 
- F COMPIN) 


where 
F8Vpc1N 
is the demodulator 


ou1put at pin 10; 


VPC1N= VPCTOUT 
(via low-pass). 
The 
phase comparator 
gain is: 


Vcc 
Kp=-(V/,) 
It 


The average 
output voltage from 
PC1, fed to the VCO input via the 
low-pass 
filter and seen at the 
demodulator 
output at pin 10 
(VOEMOUT),is the resultant of the 
phase differences 
of signals (SIG'N) 
and the comparator 
input (COMP'N) 


as shown in Fig.5. The average of 
VOEMOUT 
is equal to 1/2 Vcc when 


there is no signal or noise at SIG'N 
and with this input the VCO 
oscillates 
at the centre frequency 


(fo)' Typical waveforms 
for the PC1 
loop locked at fo are shown in Fig.7. 
This figure also shows the actual 
waveforms 
across the VCO 


capacitor 
at pins 5 and 7 (VCTaand 
Vcn) to show the relation between 
these ramps and the VCOOUT 
voltage. 


The frequency 
capture range (2fJ is 
defined 
as the frequency 
range of 
input signals on which the PLL will 
lock if it was initially out-of-Iock. 
The 
frequency 
lock range (2FL) is 


defined 
as the frequency 
range of 
the input signals on which the loop 
will stay locked if it was initially in 
lock. The capture 
range is smaller or 


equal to the lock range. 


With PC1, the capture 
range 


depends 
on the low-pass filter 
characteristics 
and can be made as 
large as the lock range. This 
configuration 
remains 
locked even 


with very noisy input signals. Typical 
behaviour 
of this type of phase 


comparator 
is that it may lock to 


input frequencies 
close to the 


harmonics 
of the VCO centre 


frequency. 


PHASECOMPARATOR 
2 (PC2) 


This is a positive edge-triggered 
phase and frequency 
detector. 


When the PLL is using this 
comparator, 
the loop is controlled 
by 


positive 
signal transitions 
and the 


duty factors of SIG,n and COMP,n are 
not important. 
PC2 comprises 
two 
D-type flip-flops, 
control gating and 
a 3-state 
output stage with sink and 


source transistors 
acting as current 
sources, 
henceforth 
called charge 
pump output of PC2. The circuit 
functions 
as an up-down counter, 
(Fig.5. where SIGin causes an 
up-count 
and COMP" 
a down count. 


The current switch charge pump 
output allows a virtually ideal 
performance 
of PC2, due to 


appliance 
of some pulse overlap of 
the up and down signals. See Fig.8a. 


VOEMOUT 


(AV) 


Vcc 
VOEMOUT = VPC10UT = 7 (8SIGIN - 
8 
COMPIN) 


8PC1N = (8 
SIGIN- 
8 
COMPIN)' 


COMPIN 


VCOOUT 


-- 
vcc 
~ 
-- 
GNO 


~Pin6 


~Pin7 


The pump current 
Ip is independent 
from the supply voltage 
and is set by 


the internal bandgap 
reference 
of 
2.5 V. 


I = 17x2.5(A) 


p 
R" 


Rb is the external 
bias resistor tied to 


pin 15. 


The current and voltage transfer 
function 
of PC2 are shown in Fig.9. 


The phase comparator 
gain is: 


Kp=~UYr) 


Typical waveforms 
for the PC2 loop 


locked at fo are shown in Fig.10. 


When the frequencies 
of SIG,N and 
COM PINare equal but the phase of 
SIGIN leads that of COMPIN, the up 
output driver at PC20UT is held "ON" 
for a time corresponding 
to the 
phase difference 
(8PCIN)'When the 


phase of SIG,N lags that of COM PIN' 
the down or sink driver is held "ON". 


When the frequency 
of SIG,N is 


higher than that of COM PIN' the 
source 
output driver is held "ON" for 
most of the input signal cycle time 
and for the remainder 
of the cycle 
time both drivers are "OFF" 
(3-state). 
If the SIG,N frequency 
is 


lower than the COM PINfrequency, 
then it is the sink driver that is held 
"ON" for most of the cycle. 
Subsequently 
the voltage at the 
capacitor 
(C2) of the low-pass 
filter 


connected 
to PC20UTvaries until the 


signal and comparator 
inputs are 


equal in both phase and frequency. 
At this stable point the voltage on 
C2 remains constant 
as the PC2 
output 
is in 3-state 
and the VCO 
input at pin 9 is a high impedance. 
Also in this condition 
the signal at 


the phase comparator 
pulse output 


(PCPour) 
has a minimum 
output 
pulse width equal to the overlap 
time, so can be used for indicating 
a 
locked condition. 


Thus for PC2 no phase difference 
exists between 
SIG,N and COM PIN 


over the full frequency 
range of the 


VCO. Moreover, 
the power 


dissipation 
due to the low-pass filter 
is reduced 
because 
both output 
drivers 
are "OFF" for most of the 


signal input cycle. It should be noted 
that the PLL lock range for this type 
of phase comparator 
is equal to the 


capture 
range and is independent 
of 
the low-pass 
filter. With no signal 
present 
at SIG,N the VCO adjust, via 
PC2, to its lowest frequency. 


By using current 
sources as charge 
pump output on PC2, the dead zone 
or backlash 
time could be reduced 


to zero! Also, the pulse widening 
due to the parasitic 
output 


capacitance 
plays no role here. This 


enables 
a linear transfer function, 
even in the vicinity of the zero 
crossing. 
The differences 
between 
a 


current 
switch charge pump and 


voltage 
switch charge pump are 


shown 
in Fig.11. 


The design of the low-pass 
filter is 


somewhat 
different 
when using 


current 
sources. 
The external 


resistor 
R3 is no longer present 


when using PC2 as phase 
comparator. 
The current source is 


set by Rb• A simple capacitor 
behaves 
as an ideal integrator 
now, 


because 
the capacitor 
is charged 
by 


a constant 
current. 
The transfer 
function 
of the voltage switch charge 


pump may be used. In fact it is even 
more valid, because 
the transfer 


function 
is no longer restricted 
for 


small changes 
only. Further the 


current is independent 
from both the 


supply voltage and the voltage 
across the filter. For one that is 
familiar with the low-pass 
filter 
design of the '4046A a relation may 
show how Rb relates with a fictive 
series resistance. 
called 
R'3' 


This relation can be derived by 
assuming first that a voltage 
controlled 
switch PC2 of the 4046 is 
connected 
to the filter capacitance 


C2 via this fictive R'3 (see Fig 8b). 
Then during !the PC2 output pulse 
the charge current 
equals 
v 
V 
II I = 
cc 
C20 


p 
R '3 


With the initial voltage 
VC20 at 


1/2 Vcc = 2.5 V,lIpl 
= ~5. 
3 


As shown before the charge current 
of the current switch of the 9046 is 


I'pl = 17x~5. 
" 


R' = R"(Q) 


3 
17 


Using this equivalent 
resistance 
R'3 
for the filter design the voltage can 
now be expressed 
as a transfer 


function of PC2; assuming 
ripple 
(f, = f;) is suppressed, 
as: 


5 


KpC20UT= 41t((Vlr) 


Again this illustrates 
the supply 
voltage independent 
behaviour 
of 


PC2. 


Examples of PC2 combined 
with a 


passive filter are shown 
in 


Figs 12 and 13. Fig.12 shows that 
PC2 with only a C2 filter behaves as 
a high-gain 
filter. For stability the 


damped version of Fig. 13 with 
series resistance 
R4 is preferred. 


T 


up - -i 
R3' 
PC2 OUT 


\~ 
VC20UT 


dOWn--~ 
Iipl 
=C2 


,1 
1 
MaDOgg 


Fig.8 
(a) The current switch charge 
pump output of PC2. At every t>G, even at zero t>G both switches 
are 
closed simultaneously 
for a short period (typically 
15 ns). (b) Comparable 
voltage-controlled 
switch. 


I 
I 
I 
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I 
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I 
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I 
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I 
I 
I 
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+2 
IT 
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(AV) 


MS8306 
--------------, 


I 
I 
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I 
I 
I 
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I 
I 
I 
I 
I 
I 


(a) 


a) pump current J!J2 


11GPC,N. 
1t 


5 
b) VOEMOUT 
= VPC20UT = 41t.GPC,N' 


Fig.9 
Phase comparator 
2. Two kinds of transfer 
functions 
may be regarded: 
the current transfer 
(a) and the 
voltage 
transfer (b). The voltage 
transfer 
can be observed 
at PC20UTby connecting 
first a resistance 


R = 10 kQ between 
PC20UTand Vcc/2. 


SlG1N 


I 


I 
COMP1N 


I 


COMPOUT 


I 
I 
I 


UP 
51 
~ 
~ 


I 
I 


_IOPCINI_ 
I 


DOWN 
~ 
~ 
III 


I 


I of PC20UT 


PCPOUT -U 
u 
u 


(a) 
(b) 
MBQ0.:3 


(1) due to parasitic 
capacitance 
on PC2 output. 


(2) backlash 
time (dead zone). 


(a) response 
with traditional 
voltage-switch 
charge-pump 
PC2 output (4046). 


(b) response 
with current-switch 
charge-pump 
PC2 output as applied in the HCT9046A 


\I pi 


Ip 
~ 


: 
~ 
INPUT 
C2_ 
OUTPUT 
L -l_ 


Rb 
• 
(a) '1 = 17 X C2 = R 3 


(b) amplitude 
characteristic, 
FUw) = 
A 1. 
= - 
1/ 
.,.juH, 
JW't 


(c) pole zero diagram 


II pi 


Ip 
~ 


: 
llNPUT 
~~4 Y 
OUTPUT 


C2 
_ 
---------L- 


R 
(a) 
(a) 
'1 = 1; xC2 = R'3·C2 


'2 = R4 xC2 


(b) amplitude 
characteristic. 
FUw) = 
~jw'c~ 
11 
+ /JJ': 


(c) pole zero diagram 


A = DC gain limit, due to leakage. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Vcc 
DC supply voltage 
4.5 
5.0 
5.5 
V 


V, 
DC input voltage range 
0 
- 
Vcc 
V 


Va 
DC output voltage range 
0 
- 
Vcc 
V 
Tamo 
I operating 
ambient temperature 
range 
see DC and AC 
-40 
- 
+85 
°c 


Tamo 
operating 
ambient temperature 
range 
Characteristics 
-40 
- 
+125 
°C 


t" 4 
input rise and fall times (pin 5) 
Vcc=4.5V 
- 
6.0 
500 
ns 


LIMITING 
VALUES 
Limiting values 
in accordance 
with the Absolute 
Maximum 
System 
(IEC 134). 


Voltages 
are referenced 
to GND (ground = 0 V) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Vcc 
DC supply voltage 
-0.5 
+7 
V 


±I'K 
DC input diode current 
for V, < -0.5 V 
20 
mA 
or V, > Vcc + 0.5 V 
- 


±IOK 
DC output diode current 
for Va < -0.5 
V 
20 
mA 
or Va > Vcc + 0.5 V 
- 


±Io 
DC output source or sink current 
for -0.5 
V < Va < Vcc + 0.5 V 
- 
25 
mA 


±Icc; 
DC Vcc or GND current 
50 
mA 
±IGND 
- 


T"g 
storage temperature 
range 
-65 
+150 
°C 


power dissipation 
per package 
for temperature 
range: -40 to 


+125°C 


P'OI 
plastic OIL 
above +70 °C: derate linearly 
- 
750 
mW 
with 12 mW/K 


plastic mini-pack 
(SO) 
above +70 °C: derate linearly 
- 
500 
mW 
with 8 mW/K 


Quiescent 
supply 
current 
Voltages 
are referenced 
to GND (ground 
= 0 V). 


Tamb rCl 
TEST 
CONDITIONS 
SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
UNIT 
Vcc 
OTHER 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


Ice 


quiescent 
supply 
- 
- 
8.0 
- 
80.0 
- 
160.0 
J.lA 
5.5 
pin 5 at Vee 
current 
(disabled) 


additional 
quiescent 
supply 
current per input 
4.5 
other inputs 
t.lee 
pin for unit load 
- 
100 
360 
- 
450 
- 
490 
J.lA 
to 
at Vee or 
coefficient 
is 1 
5.5 
GND. 


(note 1) 
V, = Vee -2.1 
V 


Note 


The value of additional 
quiescent 
supply current (t.lecl for a unit load of 1 is given above. 


To determine 
/lIce per input, multiply 
this value by the unit load coefficient 
shown 
in the Unit Load Coefficient 
Table. 


UNIT LOAD 
COEFFICIENT 


1.00 


Phase comparator 
section 
Voltages 
are referenced 
to GND (ground = 0 V). 


Tamb (0G) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 
to +85 
-0 to +125 
UNIT 
Vcc 
V, 
OTHER 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


DC coupled 


V'H 
HIGH level 
3.15 
2.4 
V 
4.5 
input voltage 
- 
- 
- 
- 
- 


SIG,N, COMP'N 


DC coupled 


V'L 


LOW level 
2.1 
1.35 
V 
4.5 
input voltage 
- 
- 
- 
- 
- 


SIG'N, COMP'N 


HIGH level 


VOH 
output voltage 
4.4 
4.5 
4.4 
4.4 
V 
4.5 
V'H 
10= -20 
IlA 
PCPOUT, 
- 
- 
- 
or V'L 
PCnOUT 


HIGH level 


VOH 
output voltage 
3.98 
4.32 
- 
3.84 
- 
3.7 
V 
4.5 
V'H 
10= -4.0 
mA 
PCPOUT, 
- 
or V,L 


PCnOUT 


LOW level 


VOL 
output voltage 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
V'H 
10= -20 
IlA 
PCPOUT, 
or V'L 


PCnOUT 


LOW level 


VOL 


output voltage 
- 
0.15 
0.26 
- 
0.33 
0.4 
V 
4.5 
V,H 
10= -4.0 
mA 
PCPOUT, 
- 


or V'L 


PCnOUT 


input leakage 


1- 


Vcc 


±I, 
current 
- 
30 
- 
38 
- 
45 
IlA 
5.5 
or 
SIG'N, COMP'N 
GND 


3-state 


±Ioz 


OFF-state 
0.5 
5.0 
V,H 
Vo = Vcc 
- 
- 
- 
- 
10.0 
IlA 
5.5 
current 
or V'L 
or GND 
PC20UT 


input 
V, at self-bias 


R, 
resistance 
- 
250 
- 
- 
- 
- 
- 
kr2 
4.5 
operating 
point; 


SIG'N, COM P'N 


t:,V, = 0.5 V; 


see Figs 14, 15, 16 


Rb 
resistor range 
25 
- 
250 
- 
- 
- 
- 
kr2 
4.5 
I 


charge pump 


±Ip 
current 
0.53 
1.06 
2.12 
- 
- 
- 
- 
mA 
4.5 
R3 = 40 kr2 


PC20UT 


VCO section 
Voltages 
are referenced 
to GND (ground = 0 V). 


T amb (0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-0 to +125 
UNIT 
Vcc 
V, 
OTHER 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


DC coupled 
4.5 
HIGH level 
V'H 
input voltage 
2.0 
1.6 
- 
2.0 
- 
2.0 
- 
V 
to 


INH 
5.5 


DC coupled 
4.5 
LOW level 
V'L 
input voltage 
- 
1.2 
0.8 
- 
0.8 
- 
0.8 
V 
to 


INH 
5.5 


HIGH level 


V'H 
VOH 
output voltage 
4A 
4.5 
- 
4A 
- 
4A 
- 
V 
4.5 
or V,L 
10 = -20 >LA 
VCOOUT, 


HIGH level 


V'H 
VOH 
output voltage 
3.98 
4.32 
- 
3.84 
- 
3.7 
- 
V 
4.5 
or V,L 


10 = -4.0 mA 
VCOOUT 


LOW level 


V'H 
VOL 
output voltage 
- 
0 
0.1 
- 
0.1 
- 
0.1 
V 
4.5 
10 = +20 >LA 
VCOOUT 
or V,L 


LOW level 
V,H 


VOL 
output voltage 
- 
0.15 
0.26 
- 
0.33 
- 
OA 
V 
4.5 
or V,L 
10 = +4.0 mA 
VCOOUT 


LOW level 
V,H 


VOL 
output voltage 
- 
-- 
OAO 
- 
OA7 
- 
0.54 
V 
4.5 
10 = +4.0 mA 
C1A, 
C1s 
or V,L 


input leakage 
Vcc 
±I, 
current 
3 
-- 
0.1 
- 
1.0 
- 
1.0 
>LA 
5.5 
or 


INH, VCO,N 
GND 


R1 
resistor 
range 
3 
-- 
300 
- 
- 
- 
- 
kQ 
4.5 


R2 
resistor 
range 
3 
-- 
300 
- 
- 
- 
- 
kQ 
4.5 


C1 
Capacitor 
40 
no 
pF 
4.5 
-- 
- 
- 
- 
- 
range 
limit 


operating 
1.1 
3A 
4.5 


VVCOIN 
voltage 
range 
1.1 
-- 
3.9 
- 
- 
- 
- 
V 
5.0 
over the range 


at VCO'N 
1.1 
4A 
5.5 
specified 
for R1 


Demodulator 
section 


Voltages 
are referenced 
to GND (ground 
= 0 V). 


T 3mb 
(OCi 
TEST 
CONDITIONS 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 
to +125 
UNIT 
Vcc 
OTHER 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


at 
Rs > 300 kQ 


Rs 
resistor range 
50 
- 
300 
- 
- 
- 
- 
kQ 
4.5 
the leakage 
current can 
influence 


VOEMOUT 


V, = VVCOIN 
= 1/2 Vcc; 


VOFF 
offset voltage 
±20 
mV 
4.5 
values 


VCO,N to VOEMOUT- 
- 
- 
- 
- 
- 


taken over 
Rs range, 
see Fig.17 


dynamic 
output 


VOEMOUT 
Ro 
resistance 
at 
- 
25 
- 
- 
- 
- 
- 
Q 
4.5 
PCOEMOUT 
= 1/2 Vcc 


Phase comparator 
section 
GND = 0 V; tr = 4 = 6 ns; CL = 50 pF. 


T amb rCl 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
Vcc 
WAVEFORMS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


propagation 


tPHL/tpLH 
delay SIG'N. 
- 
23 
40 
- 
50 
- 
60 
ns 
4.5 
Fig.18 


COMP'N to 
PCPOUT 


propagation 


tpHL/tPLH 
delay SIG'N. 
- 
35 
68 
- 
85 
- 
102 
ns 
4.5 
Fig.18 
COMP'Nto 
PCPOUT 


tpzj 
tpZL 
3-state 
output 
- 
30 
56 
- 
70 
- 
84 
ns 
4.5 
Fig.19 
enable time 


SIG'N' COMP'N 
to PC20UT 


tpHzltpLZ 
3-state 
output 
- 
36 
65 
- 
81 
- 
98 
ns 
4.5 
Fig.19 


enable time 


SIG'N' COMP'N 
to PC20UT 


tTHL/tTLH 
output transition 
- 
7 
15 
- 
19 
- 
22 
ns 
4.5 
Fig.18 
time 


AC coupled 
input sensitivity 


V'IP-PI 
(peak-to-peak 
- 
15 
- 
- 
- 
- 
- 
mV 
4.5 
Ii = 1 MHz 


value) at SIGN'N 
or COMP'N 


VCO section 
GND = 0 V; ~ = ~ = 6 ns; CL = 50 pF. 


Tamb 
(0C) 
TEST CONDITION 


SYMBOL 
PARAMETER 
+25 
-40 to +85 
-40 to +125 
Vcc 
WAVEFORMS 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 
(V) 


VVCOIN= 1/2 Vcc; 
recommended 
frequency 
stability 
range: 
~ffT 
with temperature 
- 
- 
- 
0.06 
- 
- 
- 
%/K 
4.5 
R1=10kQ 
change 
R2 = 10 kQ 
C1 = 1 nF see 
Fig.20 


R1 = 10 kQ; 


Mvco 


centre frequency 
-10 
+10 
% 
5.0 
R2 = 10 kQ 


tolerance 
- 
- 
- 
- 
- 
C1 = 1 nF 
VVCOIN= 3.9 V 


VVCOIN= 1/2 Vcc; 
VCO centre 
R1 =4.3kQ 


fo 
frequency 
11.0 
15.0 
- 
- 
- 
- 
- 
MHz 
4.5 
R2 = 00 
(duty factor = 50%) 
C1 = 40 pF see 
Fig.21 


Rl 
= 100 kQ; 


Mvco 


VCO frequency 
- 
0.4 
- 
- 
- 
- 
- 
% 
4.5 
R2 = 00; 


linearity 
C1 = 100 pFsee 
Figs 22. 23 


8VCO 
duty factor at 
- 
50 
- 
- 
- 
- 
- 
% 
4.5 
VCOOUT 


I 
I 
I 


I 
I 
I 
I 


I 
I 
I 
I 


I 


MG,49S6 
~1~ln 


I 
I 
I 


800 I 


R, 
I 


(kO) 
I 


600 


self-bias 
operating 
point 
,/ 
o 
1/2 VCC- 
0.25 


Fig.14 
Typical input resistance 
curve at SIG'N' 


COMP'N' 


Fig.15 
Input resistance 
at SIG'N' COMP'N with 
tN, = 0.5 Vat 
self-bias 
point. 


+60 


VOFF 
(mV) 


+40 


-40 


1/2 VCC- 
2 
1/2VCC 
1/2VCC+2 


VVCOIN 
(V) 


- 
Rs = 50 kQ 
_Rs 
=300 kQ 


Fig.16 
Input current at SIG'N' COMP'N with 
tN, = 0.5 V at self-bias 
point. 


Fig.17 
Offset voltage 
at demodulator 
output as 


a function 
of VCO'N and Rs. 


PCPOUT' 
PC1 OUT' 


OUTPUTS 
'k_ 
M 
_ 


L-t-THL---[~ 


SIG IN. COMP IN 


INPUTS 


Fig.18 
Waveforms 
showing 
input (SIG,N• COMP'N) to output (PCPOUT' 
PC10UT) 
propagation 
delays and the 
output transition 
times. 


COMP,N 


INPUT 
-{ 
J 


V 


M l 
/J\~ 


-.J I:tpHZ 
~ 
tpLZ 


~ 


tPZH 
'pZL 


, 90% 


VM 


SIGIN 


INPUT 


PC20UT 


OUTPUT 


MBDIIS 
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I 
I 
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15 


<'>1 


(%) 


10 


100 
150 


T amb (0G) 


+100 
+150 
Tamb 
(oe) 


Fig.20 
a-b Frequency 
stability of the VCO as a function 
of ambient temperature 
with supply 
voltage 
as a 


parameter. 


15 


<'>1 


(%) 
10 


MeDnT 


i 
I 


+100 
+150 


Tamb 
(oe) 


Fig.20 
c-d Frequency 
stability of the VCO as a function 
of ambient temperature 
with supply 
voltage 
as a 


parameter. 


MBo"S 
MBo1l9 


8 
10 


61 
61 


(%) 
(%) 


4 


a 


a 


-4 


5.5 V 
-5 
-8 


-12 


14.5V 


-50 
a 
+ 50 
+100 
"50 
a 
• so 
"00 
"50 


(el 
Tamb 
(0C) 


(f) 


Tamb 
(0C) 


Fig.20 
e-f Frequency 
stability of the VCO as a function of ambient temperature 
with supply voltage as a 
parameter. 


Notes to Fig.20 


(a) R1 ; 3 kQ, R2 ; 
00, C1 ; 100 pF 


(b) R1 ; 10 kQ, R2; 
00, C1 ; 
100 pF 


(c) R1 ; 300 kQ, R2; 
00, C1 ; 100 pF 


(d) R1 ; 
00, R2; 
3 kQ, Cl 
; 100 pF 


(e) R1 ; 
00, R2; 
10 kQ, C1 ; 100 pF 


(I) R1 ; 
00, R2 ; 300 kQ, C1 ; 100 pF 


MBoll2 
\lB01l3 
30 
30 


fVCO 
fVCO 


(MHz) 
(kHz) 


5.5 V 
20 
20 


800 
MBDr20 
M8o", 
400 


fVCO 
fVCO 


(kHz) 
(Hz) 


600 
300 


400 
200 


200 
100 


0 
0 


0 
6 
0 
6 
VVCOIN 
(V) 
VVCOIN 
(V) 


(el 
(dl 


Notes to Fig.21 


(a) Rl = 3 kQ, Cl = 39 pF. 
(b) Rl = 3 kQ, Cl = 100 nF. 
(c) R, = 300 kQ C1 = 39 pF. 
(d) R, = 300 kQ C1 = 100 nF. 


-5 


'/2 vcc- 
0.25 


f' 
_ f, + f2 
0- 
2 
' 


fo - 
fo 
linearity 
= -f- 
x100% 
o 


Fig.22 
Definition 
of VCO frequency 
linearity: 
tN = 0.5 V over the Vcc range . 


.\480121 
'I::::==:::=:::=======:::::::=1 
H vcc= 
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PD, 
I 
5.5 V 
I 


(w) 
I c; = 1,~F I 


, 


I 


200 
R1 (kQ) 
300 


Fig.24 
Power dissipation 
as a function 
of 


component 
values. 


5.5 V 


I 


Fig.23 
Frequency 
linearity 
as a function 
of R1, 


C1 and Vcc: R2 = 00. and Delta;V = 0.5 V. 


Fig.25 
Power dissipation 
as a function of 
component 
values. 
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This information 
is a guide for the approximation 
of values of external 
components 
to be used with the 74HCT9046A 


in a phase-lock-loop 
system. 


Values of the selected 
components 
should be within the following 
ranges: 


R1 
between 
3 kQ and 300 kQ 


R2 
between 
3 kQ and 300 kQ 


R1 + R2 
parallel value> 
2.7 kQ 


C1 
greater 
than 40 pF 


SUBJECT 
PHASE 
DESIGN CONSIDERATION 
COMPARATOR 


VCO frequency 
characteristic 


VCO frequency 


With R2 = 00 and R1 within the range 3 kQ < R1 < 300 kQ, the 
PC1, PC2 
characteristics 
of the VCO operation 
will be as shown in Fig.27a. 


without 
extra 
(Due to R1, C1 time constant 
a small offset remains when R2 = 00). 
offset 
PC1 
Selection 
of R1 and C1 


Given fa. determine 
the values of R1 and C1 using Fig.29 


PC2 
Given fmaxand fa determine 
the values of R1 and C1 using Fig.29; use 


Fig.31 to obtain 2fL and then use this to calculate 
fm,n. 


Vee-l.l 
v 
Vee 


veolN 


i 


Vee-1.1 v 
Vee 


veolN 


(a) 
Operating 
without 
offset: fo = centre frequency: 
2fL = frequency 
lock range. 


(b) 
Operating 
with offset: fo = centre frequency: 
2fL = frequency 
lock range. 


t 


due to 
R,.e, 


I, 
I 


SUBJECT 
PHASE 
DESIGN CONSIDERATION 
COMPARATOR 


VCO frequency 
characteristic 


VCO frequency 
PC1, PC2 
With R 1 and R2 within the ranges 3 kf2 < R 1 < 300 kf2 < R2 < 300 kn, 


without 
extra 
the characteristics 
of the VCO operation 
will be as shown 
in Fig.2?b. 


offset 
selection 
of R1, R2 and C1 


Given fo and fL determine 
the value of product 
R1C1 by using Fig.31. 


VCO frequency 
PC1, PC2 
Calculate 
foft from the equation foft = fo - 1.6fL. 
with 
extra 
offset 
Obtain the values of C1 and R2 by using Fig.30. 
Calculate 
the value of R1 from the value of C1 and the product 
R1C1. 


SUBJECT 
PHASE 
DESIGN CONSIDERATION 
COMPARATOR 


PLL conditions 
with 
PC1 
VCO adjusts 
to fo with 8PC1N= 90° and VVCOIN= 1/2 Vcc. 


no signal at the 
PC2 
VCO adjusts to fonset with 8PC'N= -360° 
and VVCO'N= minimum. 
SIG'N input 


Filter design considerations 
for PC1 and PC2 of the HCT9046A. 
Fig.28 shows some examples 
of passive and active 


filters to be used with the phase comparators 
of the HCT9046A. 
Transfer 
functions 
of phase comparators 
and filters 
are given in Table 1. 


FIG.28 
FILTER TYPE 
PHASE 
TRANSFER 
FUNCTION 
NOTE: 
COMPARATOR 


(a) 
Passive filter 
1 
Vcc 


without 
Fjw=-1-'-; 
KpC1= --;- 
Vir 
+ JW', 
damping 


(b) 
Passive filter 
PC1 
1 + jw" 
,= 
R3C2 
F. = 
.- 
with damping 
JW 
1 + jw(" 
.;- ',) 
'2 = R,C2 


(c) 
. 
1 + jw" 
= 1 .;-jw" 
'3 = R,C3 


Active filter with 
FJw = 1/A-" 
. 
A = 10 5 = DC gain Amp!. 


damping 
. JW', 
JW', 


(d) 
Passive filter 
. 
1 + jw" 
1 + jw" 
5 


FJw= 
lIA+~t 
- 
KPC2 = 41t' Vir 
with damping 
JW', 


A = 105 = limit DC gain 
,= 
R3C2 
PC2 
'2 = R,C2 
(e) 
Active filter with 
1 + jw" 
1 .;-jw" 


'3 = R,C3 
damping 
Fjw= 
- 
=--- 
1/4 
+ jw" 
JW', 
R3' = Rb/1? 
A = 105 = DC gain ampl 
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DIAGRAM 
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Fi9.28 
Passive and active filters for HCT9046A. 


SUBJECT 
PHASE 
DESIGN CONSIDERATION 
COMPARATOR 


PLL locks on 
PCl 
yes 
harmonics 
at 
centre frequency 
PC2 
no 


noise rejection 
at 
PCl 
high 


signal input 
PC2 
low 


AC ripple content 
PCl 
fr = 2f;. large ripple content at 8PC1N = 90° 


when PLL is locked 
PC2 
fr = fi• small ripple content at 8PC1N = 0° 
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Typical value of VCO centre frequency 
(fal as a function 
of C1: R2 = 00; VVCOIN= 1/2 Vcc; INH = GND; 


Tamb = 25 °C. 
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Fig.31 
Typical frequency 
lock range 2ft as a function of the product 
R1C1 : 


VVCOIN range = 1.1 to (Vcc - 1.1 V) V. 


The frequency 
synthesizer 
used in 
the design example 
shown in Fig.32 
has the following 
parameters: 


2 MHz to 
3 MHz 


100 kHz 


1 ms 


<20% 


frequency 
steps 


settling time 


overshoot 


The open loop gain is H (s) x G (s) = 


Kp x K, x Ko x Kn 


and the closed 
loop: 


8u 
Kp.Kf,Ko,Kn. 
where 


8i 
- 
1 + Kp,Kf,KO. Kn.' 


Kp = phase comparator 
gain 


K, = low-pass 
filter transfer gain 


Ko = Kjs 
VCO gain 


Kn = 1In divider 
ratio 


The programmable 
counter ratio Kn 
can be found as follows: 


'our 
2 MHz 


Nmon = -, - 
= 100kHz 
= 20 


step 


N 


max = 
'our = 
3MHz 
= 30 


'sfep 
100kHz 


The VCO is set by the values of R1, 
R2 and C1; R2 = 10 kQ (adjustable). 


The values 
can be determined 
using 
the information 
in the section: 
"DESIGN 
CONSIDERATIONS". 


With fo = 2.5 MHz and fL = 500 kHz 
this gives the following 
values 
(Vcc = 5.0 V): 


R1 = 30 kQ 
R2 = 30 kQ 
C1=100pF 


The VCO gain is: 


2'L x 21t 
K ------ 


v - Wcc - 1.1) -1.1 


1MHz 
= ~ 
x 21t = x 2.24.106 
rlslV 


The gain of the phase comparator 
PC2 is: 


Vcc. 


Kp = 4 x 1t = 0.4 VIr. 


Using PC2 with the passive filter as 
shown 
in Fig.32 results in a high 
gain loop with the same 
performance 
as a loop with an 
active filter. Hence loop filter 
equations 
as for a high gain loop 
should be used. The current source 
output of PC2 can be simulated 
then 
with a fictive filter resistance 
R3' = 
Rb 
17' 


The transfer functions 
of the filter is 
given by: 


" 
= R3, C2 and '2 = R4, C2. 


The characteristic 
equation 
is: 


1 + Kp.K,.Ko.Kn 


This results in: 


s2+21;wns+wn2=0 


with the natural frequency 
wn 


defined 
as wn = {!!ZE 
" 
and the damping 
value given as 


1;= 0.5·'2,wn 


In Fig.33 the output frequency 
response 
to a step of input 
frequency 
is shown. 


The overshoot 
and settling time 
percentages 
are now used to 
determine 
wn. From Fig.33 it can be 
seen that the damping 
ratio 


1;= 0.707 will produce 
an overshoot 


of less than 20% and settle to within 
5% at wnt = 5. The required settling 
time is 1 ms. This results in: 


W =~=_5_=5x103rls 
n 
t 
0.001 
. 


Rewriting 
the equation 
for natural 
frequency 
results in: 


The maximum 
overshoot 
occurs at 
Nmax = 30; hence Kn = 1/30: 


_ = 0.4 x 2.24 x 1Q6 = 0 0012 


'1 
50002 x 30 
. 


When C2 = 470 nF, it follows 


R'=~= 
0.0012 
=2550Q 


3 
C2 
47010-9 


Hence the current source bias 
resistance 
Rb = 17 x 2550 = 43 kQ 


With i; = 0.707 (= 0.5 '2 Wn) it follows 
0.707 
,~ = 0.5 x 5000 = 0.00028 


R 
= ,~ = 0.00028 
= 600 Q 
• 
C2 
470.10-9 


For extra ripple suppression 
a 
capacitor 
C3 can be connected 
in 
parallel with R4, with an extra 


'3 
= R.C3· 


For stability 
reasons 


'3 should be < 0.1 '2' 
hence C3 < 0.1 C2, or C3 = 39 nF. 


PROGRAMMABLE 
DIVIDER 


"4059" 


Kp 


PHASE 
R3' 


COMPARATOR 


PC2 
,1) 


R1 =30kQ 
R2 = 30 kQ 
C1=100pF 
R; = 2550 Q 
Ro = 43 kQ 
R4 = 600 Q 
C2=470nF 
C3 = 39 nF 


(1) R3' = fictive 


, 
Rb 


R3 = 17' 


For an extensive 
description 
and application 
example 
please refer to application 
note ordering 
number 
9398 649 
90011. Also available 
a computer 
design program 
for PLL's ordering 
number 9398 961 10061. 


3,1[" 


proportional 
. 
to output 
frequency 


(MHz) 
3.0 


29 
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Since the output frequency 
is proportional 
to the VCO 
control voltage, 
the PLL frequency 
response 
can be 
observed with an oscilloscope 
by monitoring 
pin 9 of the 
VCO.The 
average 
frequency 
response, 
as calculated 
by 


the Laplace 
method, is found experimentally 
by 


smoothing 
this voltage at pin 9 with a simple RC filter, 


whose time constant 
is long compared 
with the phase 
detector 
sampling 
rate but short compared 
with the PLL 


response 
time. 
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Fig.34 
Frequency 
compared 
to the time 
response. 
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74HC/HCT9114 


MSI 


SUPERSEDES DATA 
OF MARCH 
1988 
NINE WIDE SCHMITT 
TRIGGER 
BUFFER; 
OPEN DRAIN 
OUTPUTS; 
INVERTING 


• 
Schmitt 
trigger action on all data 
inputs 
• 
Output 
capability: 
standard (open 
drain) 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT9114 are high-speed 
Si-gate CMOSdevicesand arepin 
compatible with low power Schottky 
TTL (LSTTl). 
They are specified in 


compliance with JEOEC standard no. 7A. 


The 74HC/HCT9114 are nine wide 
Schmitt trigger inverting buffer with open 
drain outputs 
and Schmitt 
trigger inputs. 


The Schmitt trigger action in the data 
inputs 
transform 
slowly 
changing 
input 


signalsinto sharply defined jitter-free 
output 
signals. 


The 74HC/HCT9114 haveopen-drain 
N-transistor 
outputs, 
which are not 


clamped by a diode connected to VCC 
In the OFF-state, 
i.e. when one input is 


LOW, the output may be pulled to any 
voltage between GNO and VOmax' This 
allows the device to be used as a 
LOW-to-HIGH or HIGH-to-LOW level 
shifter. For digital operation and OR-tied 
output 
applications, 
these devices must 
have a pull-up resistor to establish 
a logic 
HIGH level. 


The "9114" 
is identical to the "9115" 


but has inverting outputs. 


SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


tPHLI 
propagation delay 
CL=15pF 
12 
13 
ns 


tPLZ 
An to Yn 
VCC = 5 V 


CI 
input capacitance 
3.5 
3.5 
pF 


CpO 


power 
dissipation 
notes 1 and 2 
pF 
capacitance 
per buffer 


GN0 = 0 V; Tamb = 25°C; tr = tf = 6 ns 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in /lW): 


Po = CPOx VCC' x fi + ~ ICL x VCC' x fol where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo = output frequency in MHz 
VCC = supply voltage in V 
L (CL x VCC' x fol = sum of outputs 
2. For HC 
the condition is VI = GNO to VCC 


For HCT the condition is VI = GNO to VCC - 1.5 V 


PACKAGE 
OUTLINES 


20-lead DI L; plastic (SOT1461. 
20-lead mini-pack; 
plastic (S020; SOT163AI. 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1,2,3,4, 
AO to AB 
data inputs 
5,6,7,B,9 


10 
GNO 
ground (0 V) 


19, lB, 17,16, 
15,14,13,12 
YO to YB 
data outputs 
11 


20 
VCC 
positive supply voltage 


1~19 


2~18 


3~17 


4~16 


~_?_4 
5~15 


6~14 


7~13 


8~12 


9~11 


1~19 


2~18 


3~17 


,~,. 


5~lS 


6~14 


7~'3 


8~12 


9~11 


74HC!HCT9114 


MSI 
l 
_ 


Fig,5 
Logic 
diagram 


lone 
Schmitt 
trigger), 


H = HIGH 
voltage 
level 
L = LOW voltage 
level 
Z = high 
impedance 
OFF-state 


J"0"'9891( 


74HC/HCT9114 


MSI 


Output capability: 
standard 
ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40to 
+125 
V 


I 
I 
min. 
typo 
max. 
min. 
max. 
min. 
max. 


I VT+ 
I 


0.70 
1.1311.50 
0.70 
1.50 
0.70 
1.50 
2.0 


positive-going 
threshold 
1.75 
2.37 
3.15 
1.75 
3.15 
1.75 
3.15 
V 
4.5 
Fig. 6 
2.30 
3.11 
4.20 
2.30 
4.20 
2.30 
4.20 
6.0 


0.30 
0.70 
1.10 
0.30 
1.10 
0.30 
1.10 
2.0 


I Fig 
VT_ 
negative·going threshold 
1.35 
1.80 
2.40 
1.35 
2.40 
1.35 
2.40 
V 
4.5 
6 
1.80 
2.43 
3.30 
1.80 
3.30 
1.80 
3.30 
6.0 


0.2 
0.43 
0.80 
0.18 
0.80 
0.15 
0.80 
2.0 


VH 
hysteresis (VT + - VT_) 
0.4 
0.57 
100 
0.40 
1.00 
0.40 
1.00 
V 
4.5 
Fig. 6 
0.5 
0.68 
1.10 
0.50 
1.10 
0.50 
1.10 
6.0 


AC CHARACTERISTICS 
FOR 74HC 


GND = OV;tr= 
tf= 
6 ns;CL = 50pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation delay 
36 
110 
140 
165 
2.0 


tpLZ 
An to Y n 
13 
22 
28 
33 
ns 
4.5 
Fig. 7 


10 
19 
24 
28 
6.0 


19 
75 
95 
110 
2.0 
tTHL 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 


6 
13 
16 
19 
6.0 


74HC/HCT9114 


MSI l 
_ 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Transfer 
characteristics 
are given below. 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supply current ("'ICCl for a unit load of 1 is given in the family specifications. 
To determine "'ICC per input. multiply this value by the unit load coefficient shown in the table below. 


Tamb (OC) 
TEST CONOITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


i 
0.9 


1 
1 


. 
50 
2.0 
09 
20 
0.9 
2.0 
4.5 


VT+ 
positive-going 
threshold 
1.2 
1.70 
2.1 
1.2 
2.1 
1.2 
2.1 
V 
5.5 
Fig. 6 


VT_ 
negative-going 
threshold 
0.7 
1.06 
1.4 
0.7 


1 


14 
0.7 
14 
Iv 
4.5 
Fig. 6 
0.8 
1.27 
1.7 
0.8 
1.7 
0.8 
2.7 
5.5 


VH 
hysteresis (VT+ - VT_) 
0.2 
044 
0.8 
0.2 
0.8 
0.2 
0.8 
V 
4.5 
Fig. 6 
0.2 
044 
0.8 
0.2 
0.8 
0.2 
0.8 
5.5 


AC CHARACTERISTICS 
FOR 74HCT 


GND = a V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


I 
min. 
typo I max. 
min. 
max. 
min. 
max. 


tpHLI 
propagation delay 
17 


1 
31 


I 


39 
47 
ns 
4.5 
Fig. 7 
tPLZ 
An to Yn 


tTHL 
output 
transition 
time 
7 


1 
15 
19 
22 
ns 
4.5 
Fig. 7 


74HC/HCT9114 


MSI 


"'to__ 
-I 
VH 1_ 
V, 


J 


VM(1l 


'THL 
• 


Fig.7 
Waveforms 
showing the input IAnl to output 
('1'n) 
propagation 
delays 
and the output 
transition 
times. 


Note 
to AC waveforms 


(1) 
He 
VM = 50%; VI = GND 
to VCC' 


HCT: 
VM = 1.3V;VI 
= GND 
to3V. 


___ 
~J 


74HC/HCT9115 


MSI 


SUPERSEDES 
DATA 
OF MARCH 
1988 


NINE 
WIDE 
SCHMITT 
TRIGGER 
BUFFER; 
OPEN DRAIN 
OUTPUTS 


• 
Schmitt 
trigger 
action 
on all data 
inputs 


• 
Output 
capability: 
standard 
(open 


drain) 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT9115 
are high-speed 
Si-gate 
CMOS devices and are pin 
compatible 
with 
low power Schottky 
TTL 
I LSTTLI. 
They 
are specified 
in 
compliance 
with 
JEDEC 
standard 
no. 7A. 


The 74HC/HCT9115 
are nine wide 
Schmitt 
trigger 
buffer 
with 
open drain 


outputs 
and Schmitt 
trigger 
inputs. 


The Schmitt 
trigger 
action 
in the data 


inputs 
transform 
slowly 
changing 
input 


signals into 
sharply 
defined 
j itter·free 
output 
signals. 


The 74HC/HCT9115 
have open·drain 
N-transistor 
outputs, 
which 
are not 
clamped 
by a diode 
connected 
to VCC' 
In the 
OFF-state, 
i.e. when 
one 
input 
s 
HIGH, 
the output 
may be pulled 
to any 


voltage 
between 
GND 
and VOmax' 
This 
allows the device to be used as a 
LOW-to·HIGH 
or HIGH-to·LOW 
level 
snifter. 
For digital operation 
and OR-tied 
output 
applications, 
these devices must 
have a pull-up 
resistor to establish 
a logic 
HIGH 
level. 


The "9115" 
is identical 
to the "9114" 
but has non-inverting 
outputs. 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 


~ 


UNIT 


I 


I 


I 


tPHLI 
propagation 
delay 
CL = 15pF 
12 
13 
ns 
tpLZ 
An to Y n 
VCC = 5 V 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 
1 and 2 
capacitance 
per 
buffer 


GND 
= OV; 
Tamb= 
25°C; 
tr= 
tf=6 
ns 


Notes 


1. 
CPD is used to determine 
the dynamic 
power 
dissipation 
(PD in /lWI: 


PD = CPD x VCC' 
x fi + ~ ICL 
x VCC' 
x fol 
where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load 
capacitance 
in pF 


fo 
= 
output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 


: 
(CL x VCC' 
x fol 
= sum of outputs 


2. 
For 
HC 
the condition 
is VI = GND 
to VCC 
For HCT 
the condition 
is VI = GND 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


20-lead 
DIL; plastic 
ISOT1461. 
20-lead 
mini~pack; 
plastic 
(S020; 
SOT163Al. 


PIN 
DESCRIPTION--------------------------- 
I PIN NO. 
SYMBOL 


1 
1, 
2, 3, 4, 
AO to A8 
5,6,7,8,9 


10 
GND 


19,18,17,16, 
15,14,13,12, 
YO to Y8 
11 


20 
VCC 


1~19 


~ 
2~18 


----c2:J- " 


2 ----c2:J- 
18 


3 ----c2:J- " 
, ----c2:J- " 


5 ----c2:J- 
15 


6 ----c2:J- 
14 


7 ----c2:J- 
13 


8 ----c2:J- 
12 


'3 ----c2:J- 
11 


J~l7 


4~16 


5~15 


6~14 


7~lJ 


8~12 


9~11 


1.15,l,:"6 


74HC/HCT9115 


MSI l 
_ 


Fig. 5 Logic diagram 


(one Schmitt 
trigged. 


H = HIGH voltage level 
L = LOW voltage level 
Z = high impedance 
OF F·state 


J"", 19891 ( 


74HC!HCT9115 


MSI 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 
Transfer 
characteristics 
are given below. 


Output capability: 
standard 
ICC category: MSI 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
-40 to +85/ 


UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +125 
V 


I 
min. 
typo 
max. 
min. 
max. 
min. 
max. 


I VT+ 


0.70 
1.1311.50 
0.70 
1.50 
0.70 
1.50 
2.0 


positive-going 
threshold 
1.75 
2.37 
3.15 
1.75 
3.15 
1.75 
315 
V 
4.5 
Fig. 6 
2.30 
3.11 
4.20 
2.30 
4.20 
2.30 
4.20 
6.0 


1 


030 
0.70 
1.10 
0.30 
1.10 I 030 I 


1.10 
2.0 


VT_ 
negative-going 
threshold 
1.35 
1.80 
2.40 
1.35 
2.40 
1.35 
2.40 
V 
4.5 
Fig.6 
1.80 
2.43 
3.30 
1.80 
3.30 
1.80 
3.30 
6.0 


0.2 
0.43 
0.80 
0.18 
0.80 I 0.15 
0.80 
2.0 


VH 
hysteresis (VT + - VT_I 
0.4 
0.57 
1.00 
0.40 
1.00 
0.40 
1.00 
V 
4.5 
Fig. 6 
0.5 
0.68 
1.10 
0.50 
1.10 
0.50 
1.10 
6.0 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V;tr= 
q= 
6 ns; CL = 50pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40to 
+125 
V 


min. 
typo 
max. 
I min. 
max. I min. 
I 
max. 


tPHL/ 
propagation delay 
36 
115 
140 
165 


I 


2.0 
13 
22 
28 
33 
ns 
4.5 
Fig. 7 
tpLZ 
An to Yn 
10 
19 
24 
28 
6.0 


19 
75 
95 
110 
2.0 


tTHL 
output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 7 
6 
13 
16 
19 
6.0 


74HC/HCT9115 


MSI l 
- 


DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics seechapter "HCMOS family characteristics", section "Family specifications". 


Transfer 
characteristics 
are given below. 


Output capability: standard 
Ice category: MSI 


Note to HCT types 


The value of additional quiescent supply current (lIlecl 
for a unit load of 1 is given in the family specifications. 
To determine lIlce 
per input, multiply this value by the unit load coefficient shown in the table below. 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
I 


SYMBOL 
PARAMETER 


-40 to +851 


UNIT 
VCC 
WAVEFORMS 
+25 
-40to 
+125 
V 


I 
I max. 
min. 
typo 
max. 
min. 
max. 
I min. 


VT+ 
positive-going threshold 
0.9 
1.5012.0 
0.9 
2.0 


1 
09 


120 


I 


4.5 
Fig. 6 
1.2 
1.70 
2.1 
1.2 
2.1 
.1.2 
2.1 
V 
5.5 


VT_ 
negative-goingthreshold 
1 
0 


. 
7 
1.06 
1.4 
0.7 
1.4 
: 0.7 
11.4 
V 
4.5 
Fig. 6 
0.8 
1.27 
1.7 
0.8 
1.7 
loa 
2.7 
5.5 


VH 
hysteresis (VT + - VT _I 
0.2 
0.44 
0.8 
0.2 
0.8 


1 


02 


1 
08 
4.5 
Fig. 6 
0.2 
0.44 
0.8 
0.2 
0.8 
0.2 
V 
5.5 
i 0.8 


Tamb (OCI 
TEST CONDITIONS 


74HCT 
SYMBOL 
PARAMETER 


-40 to +85 ! -40 to +125 
UNIT 
VCC 
WAVEFORMS 
+25 
V 


I min. 
typo I max. 
min. 
max. 
! min. 
I. max. 


tPHLI 
propagation delay 
18 
31 
39 
! 
. 47 
ns 
4.5 


I 


Fig. 7 
tpLZ 
An to Yn 
I 


tTHL 
output 
transition 
time 
7 
15 
19 
I 
1 
22 
ns 
4.5 
Fig. 7 


Ifl~ 
r~JIPZL 


Yn 
OUTPUT 
1/ 
J 
_110% 
. 


MSA023 
ITHL 


Note 
to AC waveforms 


11) HC 
: VM = 50%; 
VI = GND 
to VCC' 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V. 


74HC/HCT9115 


MSI 


74HC/HCT40102 


MSI 


• 
Cascadable 
• 
Synchronous 
or asynchronous preset 
• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DESCRIPTION 


The 74HC/HCT40102 are high-speed 
Si-gate CMOS devicesand are pin 
compatible with the "40102" of the 
"4000B" 
series.They are specified in 


compliance with JEDEC standard no. 7A. 


The 74HC/HCT401 02 consist each of 
an a-bit synchronous 
down 
counter 
with 


a single output 
which 
is active when 
the 


internal 
count 
is zero. 
The 
"40102" 
is 
configured astwo cascaded4-bit BCD 
counters 
and has control 
inputs for 


enabling or disabling the clock (CPI, for 
clearing 
the counter 
to its maximum 


count, 
and for presetting 
the counter 


either 
synchronously 
or asynchronously. 
All control 
inputs 
and the terminal 
count 


output (TCI are active-LOW logic. 


In normal 
operation, 
the counter 
is 
decremented 
by one count 
on each 


positive-going transition of the clock (CP). 
Counting 
is inhibited 
when 
the terminal 
enable input (TEl is HIGH. The terminal 
count output (TCI goes LOW when the 
count 
reaches zero if TE 
is LOW, 
and 


remains LOW for one full clock period, 


When 
the synchronous 
preset enable 
input 


(PEl is LOW, data at the jam input (POto 
P71is clocked into the counter on the 
next 
positive-going 
clock 
transition 


regardlessof the state of fE. 
When 
the asynchronous 
preset enable 


input (pLi is LOW, data at the jam input 
(POto P71is asynchronously forced into 
~ 
counter 
regardless of the state of PE, 


TE, or CPoThe jam inputs (POto P71 
represent two 4·bit BCD words. 


Icontinued 
on next page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 
HC 
HCT 


tPHLI 
propagation delay 
30 
31 
ns 


tPLH 
CPto TC 
CL = 15 pF 
VCC = 5 V 


fmax 
maximum 
clock 
frequency 
30 
30 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 
power 
dissipation 
notes 1 and 2 
20 
25 
pF 
capacitance 
per package 


GND =0 V; Tamb = 25°C;tr 
=tf= 
6ns 


Notes 


1. CPO is used to determine the dynamic power dissipation (PO in /.lW): 


Po = CPO x VCC' x fi + l: (CL x VCC' x fol where: 
fi 
= input frequency in MHz 
CL 
output load capacitance in pF 


fa = output frequency in MHz 
VCC = supply voltage in V 
~ (CL X VCC' x fo> = sum of outputs 
2. For HC 
the condition is VI = GND to VCC 
For HCT the condition is VI = GND to VCC - 1.5 V 


PACKAGE 
OUTLINES 


16-lead01L: plastic (S0T38ZI. 
16-leadmini-pack; plastic (5016; SOT109AI, 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1 
CP 
clock input (LOW-to·H IGH, edge-triggeredI 


2 
MR 
asynchronous 
master 
reset input 
(active 
LOW) 


3 
fE 
terminal 
enable 
input 


4,5,6,7, 
Po to P7 
jam inputs 
10,11,12,13 


B 
GND 
ground (0 VI 


9 
PL 
asynchronous 
preset enable 
input 
(active 
LOW) 


14 
TC 
terminal 
count 
output 
(active 
LOW) 


15 
PE 
synchronous 
preset enable 
input 
(active 
LOW) 


16 
VCC 
positive 
supply 
voltage 


, 
9 
3 


I 6 6 


CP 
PL 
TE 
'0 


" 
" 
'3 
" 


TC 0-14 


'0 


" 
" 
" 


13 
" PE 
MR 
? 


IS 
2 


Fig. 2 Logic symbol. 


}CT 


~:} JCT 
lCT· 0 


'0 


90 


74HC/HCT40102 


MSI 
l~ 
_ 


, 
CONTROL 
INPUTS 
PRESET 


I 


MODE 
ACTION 


MR 
PC 
PE 
IT 


H 
H 
H 
H 
inhibit 
counter 


H 
H 
H 
I 


L 
synchronous 
count down 


H 
H 
L 
X 
I 


preset on next 
LOW·to 
HIGH 
clock 
transition 


H 
L 
X 
X 
preset asynchronously 


asynchronous 
L 
X 
X 
X 
clear to maximum 
count 


Notes 
to function 
table 


1 Clock 
connected 
to CPo 


2. Synchronous 
operation: 
changes occur on the 
LOW-to-HIGH 
CP transition. 


3. Jam inputs: 
MSD = P7, LSD = PO. 


H = HIGH 
voltage 
level 
L = LOW voltage 
level 
X = don't 
care 


GENERAL 
DESCRIPTION 


When the master 
reset input 
(MRI 
is LOW, 


the counter 
is asynchronously 
cleared 
to 


its maximum 
count 
(decimal 
99) 
regardless of the state of any other input. 
The precedence 
relationship 
between 
control 
inputs 
is indicated 
in the function 
table. 


If all control 
inputs 
except 
TE are HIGH 
at the time 
of zero count, 
the counters 
will jump to the maximum 
count, 
giving 
a counting 
sequence 
of 100 clock 
pulses 


long. 
The "40102" 
may be cascaded 
using 
the 
fE input 
and the fC output, 
in either 
a 
synchronous 
or ripple 
mode. 


• 
Divide-by-n 
counters 


• 
Programmable 
timers 


• 
I nterrupt 
timers 


• 
Cycle/program 
counters 


January 19861 ( 


__ 
S-b_it Sy_nC_hro_nou_s 
B_CD_dow_n__cou_nte_r 
J 
74HC/HCT40102 


MSI 


CP:tttt i 
i 
i w 
i 
i 
i 
j 
I ~ 
i 
i 
i 


Pi: tttii 
i w iJJ 
i it 
i i ; i i i i 
i IT 


PC 
I I 
I I I I Ijl-JI 
I 
I 
I 
I 
I 
I 
I 
I 


Po J I I II I 
I I II~~I 
--- 


P, J 
I 
I· 
I 
I 
I 
i 
I 
[h I I 
I 
I 
I 
I I 
I 
I 
I 


P, l 
I 
I 
I 
I 
I I I I 
I I 
I 


PJ l 
I I I I 
I I I I~: II 
[I 
II. 
II 
I 
[I 
II II- 


p'l 
I I I I I I I 
I LLJ 
I 
I 


P, l I I I-II 
I I I 1-r-l-I I-Il 
I I I 


P6l 
I 
I 
I 
I 
I I I I 
I 
I 
I I n I I 


P, l 
I 
I 
I 
I 
I 
I I 
I 
I 
I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
! 
I 


:UNT 
I 
99 I 
98 1 
J 
1 ' 
1 
1 I 
0 I 
99 
I 
98 1 98 1,,1 
8 
1 
' 
I 
6 
I 
' 
I ,I 
99 
I 
98 
,,196 
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DC CHARACTERISTICS 
FOR 
74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 


ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GN D = 0 V; tr = tf = 6 ns; CL = 50 p F 


Tamb lOCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 


I 


propagation 
delay 


I 


96 
300 
375 
450 


I 


1 
2 
. 
0 
35 
60 
75 
90 
ns 
4.5 
Fig. 7 
tPLH 
CP to TC 
28 
51 
64 
77 
6.0 


tPHLI 
propagation 
delay 


I 


50 
200 
250 


I 


300 


1 
2 
. 
0 
18 
40 
50 
60 
ns 
4.5 
Fig. 8 


tPLH 
TE to TC 
14 
34 
43 
51 
6.0 


tpH LI 


I 


propagation 
delay 
110 
240 


I 


425 
510 


I 


2.0 
40 
68 
85 
102 
ns 
4.5 
Fig. 9 
tPLH 


I 
Pn, PC to TC 
32 
58 
72 
87 
6.0 


83 
275 
345 
I 415 


I 


I 2.0 


tPLH 


I 


propagation 
delay 
30 
55 
69 
I 83 
ns 
4.5 
Fig.9 
MR to TC 
24 
47 
59 
71 
! 
6.0 
I 


tTHLI 
I 


9 
75 
95 


I 


110 


I 


2.0 


output 
transition 
time 
7 
15 
19 
22 
4.5 
Figs 7 and 8 
tTLH 


I 


ns 
6 
13 
16 
19 
6.0 


165 
22 
205 


I 


1 


250 
2.0 
clock pulse width 
tw 
HIGH or LOW 
33 
8 
41 
50 
ns 
4.5 
Fig. 7 
28 
6 
35 
I 43 
6.0 


master reset pulse width 
150 
30 
190 


1 


225 
I 
2.0 


tw 
30 
11 
38 
45 


I 


ns 
4.5 
Fig. 9 
LOW 
26 
9 
33 
38 
6.0 


preset enable pulse width 
125 
39 
155 
190 


I 


I 


2.0 


I 


tw 
25 
14 
31 
38 
ns 
4.5 
Fig.9 
PC; LOW 
21 
11 
26 
32 
I 
6.0 


removal 
time 
50 
8 
65 


[75 


I 


2.0 


I 


trem 
PC; MR to CP 
10 
3 
13 
15 
ns 
4.5 
Fig. 10 
9 
2 
11 
13 
6.0 


set-up time 


I 


100 
36 
125 
150 
2.0 


I 


tsu 
PE to CP 
20 
13 
25 
30 
ns 
4.5 
Fig. 11 


17 
10 
21 
26 
6.0 


I 


set-up time 
175 
50 
220 


I~r 
I 


2.0 I Fig. 
tsu 
IT to CP 
35 
18 
44 
ns 
4.5 
11 


30 
14 
37 
6.0 


set-up time 
100 
33 
125 
150 
2.0 


tsu 
Pn to CP 
20 
12 
25 
30 
ns 
4.5 
Fig. 12 


17 
10 
21 
26 
6.0 
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AC CHARACTERISTICS 
FOR 74HC (Cont'd) 


GND: 
OV;tr: 
tf: 
6 ns;CL: 
50pF 


Tamb (OCI 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
--40 to +85 
-40to+125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


hold time 
2 
-8 
2 


I 


2 
2.0 


th 
PE to CP 
2 
-3 
2 
2 
ns 
4.5 
Fig. 11 
2 
-2 
2 
2 
6.0 


hold time 
a 
-41 
a 
a 
2.0 


th 
TE to CP 
a 
-15 
a 
a 
ns 
4.5 
Fig. 11 
a 
-12 
a 
a 
6.0 


hold time 
2 
-5 
2 
2 
2.0 


I 


th 
Pn to CP 
2 
-5 
2 
2 
ns 
4.5 
Fig. 12 
2 
-5 
2 
2 
6.0 


maximum 
clock 
pulse 
3 
8.9 
2 
2 
2.0 


fmax 
15 
27 
12 
10 
MHz 
4.5 
Fig. 7 
frequency 
18 
32 
14 
12 
6.0 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications", 


Output capability: standard 
ICC category: MSI 


Note to HCT types 


The value of additional quiescent supp y current (6ICC) for a unit load of 1 is given in the family specifications. 
To determine 61CC per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT 


I 


UNIT LOAD 
COEFFICIENT 


CP,PE 
1.50 
MR 
1.00 
TE 
0.80 
Pn 
0.25 
PI 
0.35 


74HC/HCT40102 


MSI 
l'---__ 


AC CHARACTERISTICS 
FOR 74HCT 


GND = a V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
--40 to +85 
--40 to +125 
V 


I 
I min. 
typo 
max. 
min. 
max. 
min. 
max. 


tpHLI 
I 


propagation delay 
i 
1 
38 
63 
79 
I 


95 
ns 
4.5 
Figs 7 and 9 


tPLH 
Pn; CP to TC 


tPHLI 


I 


propagation delay 
25 
50 
63 
I 


75 
ns 
4.5 
Fig.8 
tpLH 
TE to TC 


tPHLI 
p~agation 
delay 


1 
49 
83 
104 
I 


125 
ns 
4.5 
Fig.9 
tpLH 
PL to TC 


tPLH 
propagation delay 


I 


31 
55 
69 


1 
83 
ns 
4.5 
Fig. 9 


I 
MR to TC 


I 
I 


I 
I 
tTHLI 
I 
output transition time 
I 
7 
15 
19 
22 
ns 
4.5 
Figs 7 and 8 
tTLH 
I 


tw 


I clock pulse width 
33 I 


11 
41 I 


50 
I 
I 


ns 
4.5 
I 


Fig. 7 


I 
HIGH or LOW 


tw 
I 


master reset pulse width 
I 30 
16 
I 


38 
45 
I 
I ns 
14.5 
I 


Fig.9 
LOW 


tw 


I 


preset enable pulse width 
I 43 
25 
54 
65 
I 
ns 
I 


4.5 
I 


Fig.9 
PL; LOW 
I 


trem 
removal 
time 


I 


10 
1 
13 


I 


15 
I 


ns 
4.5 
Fig. 10 
PL; MR to CP 


tsu 
set-up time 
20 
10 
25 
30 


1 


ns 
4.5 


1 


Fig. 11 
PE to CP 


tsu 
set-up time 
40 
20 
50 
60 
ns 
4.5 
Fig. 11 
TE to CP 


tsu 
set-up time 
20 
12 
25 
30 
I 


ns 
4.5 
I 


Fig. 12 
Pn to CP 


I 


hold time 
a 
-4 
a 
a 
I 


ns 
4.5 
I 


Fig. 11 
I 


th 
PE to CP 


I 


hold time 


I 


a 
-15 
a 
a 
ns 
4.5 
Fig. 11 
th 
TE to CP 


hold time 
0 
-6 
0 
a 
ns 
4.5 
Fig. 12 
th 
Pn to CP 


fmax 


maximum 
clock 
pulse 
15 
27 
12 
10 
MHz 
4.5 
Fig. 7 
frequency 
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l/1ma~ 
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I 


F i9. 7 
Waveforms 
showing 
the clock 
input 


(CP) 
to TC propagation 
delays, 
the clock 


pulse width, 
the output 
transition 
times 
and the maximum 
clock 
pulse frequency. 


Fig.8 
Waveforms 
showing 
the IT to TC 
propagation 
delays. 


\v 


M 


" 
1 
I_<w_ 


-'"ml- 
____ 
~F 


Fig.9 
Waveforms 
showing PC, MR, Pn 


to TC propagation 
delays. 


Fig. 12 Waveforms 
showin~ 
hold and set-up 
times for 
Pn, PE to CPo 


Note to AC waveforms 


11) HC 
VM = 50%; 
VI = GND 
to VCC. 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V. 


Note 
to Fig, 12 


The shaded areas indicate when the input 
is permitted 
to change for predictable 
output 
performance. 


74HC/HCT40102 


MSI 
l 
_ 


Vcc 


'0 
IT 


TE 


PE 
40102 
PI 


MR 


P, 
CP 
ONO 
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MSI 


• 
Cascadable 


• 
Synchronous 
or asynchronous 
preset 


• 
Output 
capabil 
itv: 
standard 


• 
ICC 
category: 
MSI 


The 
74HC/HCT401 
03 are high-speed 


Si-gate 
CMOS 
devices 
and are pin 


compatible 
with 
the 
"40103" 
of the 
"4000B" 
series. They 
are specified 
in 


compliancewithJEDECstandard 
no. 7A. 


The 
74HC/HCT40103 
consist 
each of 
an 8-bit synchronous 
down 
counter 
with 


a single 
output 
which 
is active 
when 
the 
internal 
count 
is zero_ The 
"40103" 


contains 
a single 
B-bit 
binary 
counter 
and has control 
inputs 
for 


enabling 
or disabling 
the clock 
(CPI, 
for 


clearing 
the counter 
to its maximum 


count, 
and for presetting 
the counter 


either 
synchronously 
or asynchronously. 


All control 
inputs 
and the terminal 
count 


output 
(Fe) 
are active-LOW 
logic. 


In normal 
operation, 
the counter 
is 


decremented 
by one count on each 


positive-going 
transition 
of the clock 
(CPl. 


Counting 
is inhibited 
when 
the terminal 


enable 
input 
(rE) 
is HIGH. 
The terminal 


count 
output 
(Fel 
goes LOW when 
the 


count 
reaches zero 
if IT is LOW, 
and 


remains 
LOW 
for 
one full 
clock 
period. 


When 
the synchronous 
preset enable 
input 


(PEl 
is LOW, 
data at the jam input 
1PO to 


P7) 
is clocked 
into 
the counter 
on the 


next 
positive-going 
clock 
transition 
regardless 
of the state 
of fE. 


When 
the asynchronous 
preset enable 
input 
IPl) 
is LOW, 
data at the jam input 
{PO to P71 is asynchronously 
forced 
i~ 


the counter 
regardless of the state of PE, 


TE, 
or CPo The jam inputs 
1PO to P71 
represent 
a single a-bit 
binary 
word. 


(continued 
on next 
page) 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPH L/ 
propagation 
delay 
30 
30 
ns 
tPLH 
CP to TC 
CL = 15 pF 
VCC = 5 V 
fmax 
maximum 
clock 
frequency 
32 
31 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CPD 
power 
dissipation 
notes 
1 and 2 
24 
27 
pF 
capacitance per package 


GNO = 0 V; Tamb = 25 'C; tr = tf = 6 ns 


Notes 


1. 
CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in ~W): 


PD = CpO x VCC' 
x fi + I (CL x VCC' 
x fol 
where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fo 
= 
output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


L (CL 
x VCC' 
x fo) 
= sum of outputs 


2. 
For 
HC 
the condition 
is VI 
= GND 
to VCC 
For 
HCT the condition 
is VI = GND 
to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead DI L: plastic 
IS0T38ZI. 


16·lead 
mini-pack; 
plastic IS016; 
SOT109Al. 


PIN NO. 
I SYMBOL 
NAME 
AND 
FUNCTION 


1 
CP 
clock 
input 
(LOW-to-HIGH, 
edge-triggered 
I 


2 
MR 
asynchronous 
master 
reset input 
(active 
LOW) 


3 
IT 
terminal 
enable 
input 


4,5,6,7, 
Po to P7 
jam inputs 
10,11,12,13 
8 
GND 
ground 
(0 VI 


9 
PI 
asynchronous 
preset enable 
input 
(active 
LOW) 


14 
'FE 
terminal 
count 
output 
(active 
LOW) 


15 
PE 
synchronous 
preset enable 
input 
(active 
LOW) 


16 
VCC 
positive 
supply 
voltage 


, 
9 
3 


66 


CP 
PL 
TE 


PE 
Po 


P, 


P, 


P3 
p. 
TC0-14 


10 
P, 


P5 


12 '. 
P, 
13 
" PE 
M" 


15 
7Z93740 


Fig. 1 
Pin configuration. 
Fig. 2 
Logic 
symbol. 


0) 


10 
~ 3CT 
lcr ..o 


12 


,J 
13 


Fig. 3 
IEC logic symbol. 


l~ 
_ 
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CONTROL 
INPUTS 
PRESET 
ACTION 


MR 
PC 
PE 
IT 
MODE 


H 
H 
H 
H 
inhibit 
counter 


H 
H 
H 
L 
synchronous 
count 
down 


H 
H 
L 
X 


preset on next 
LOW-to 
HIGH 
clock 
transition 


H 
L 
X 
X 
preset asynchronously 
asynchronous 
L 
X 
X 
X 
clear to maximum 
count 


Notes to function 
table 


1. Clock connected to CP, 
2. Synchronous 
operation: 
changes occur 
on the LOW-ta-HIGH 
CP transition. 
3, Jam inputs: MSD = P7, LSD = PO' 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 


GENERAL 
DESCRIPTION 
(Cont'd) 


When the master reset input 1MRI is LOW, 
the counter 
is asynchronously 
cleared 
to 
its maximum 
count 
(decimal 
255) 
regardless of the state of any other 
input. 


The 
precedence 
relationship 
between 
control 
inputs 
is indicated 
in the function 
table. 


If all control 
inputs except TE are HIGH 
at the time 
of zero count, 
the counters 
will 
jump 
to the maximum 
count, 
giving 
a counting sequence of 256 clock pulses 
long. 
The "40103" 
may be cascaded using the 
IT 
input 
and the 'fC output, 
in either a 
synchronous 
or ripple 
mode. 


• 
Divide-by-n 
counters 


• 
Programmable 
timers 


• 
Interrupt 
timers 


• 
Cycle/program 
counters 
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DC CHARACTERISTICS 
FOR 
74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: 
MSI 


AC CHARACTERISTICS 
FOR 
74HC 


GND-OV·t 
-tt-6ns'CL 
=50pF 
- 
. r - 
- 


Tamb (OCI 
TEST CONDITIONS 


74HC 
SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
propagation 
delay 
96 
300 
375 
450 
2.0 
35 
60 
75 
90 
ns 
4.5 
Fig.7 
tpLH 
CP to TC 
28 
51 
64 
77 
6.0 


tPHLI 
50 
175 
220 
265 
2.0 
propagation 
delay 
18 
35 
44 
53 
ns 
4.5 
Fig.8 
tpLH 
'IT to TC 
14 
30 
37 
45 
6.0 


tpHLI 
propagation 
delay 
1021315 
395 
475 
2.0 
37 
63 
79 
95 
ns 
4.5 
Fig.9 
tPLH 
PL to TC 
30 
53 
40 
81 
6.0 


I 
1 


83 


1 


275 
345 
415 
2.0 
tPHL 


propagation 
delay 
30 
55 
69 
83 
ns 
4.5 
Fig.9 
MR to TC 
24 
47 
59 
71 
6.0 


tTHLI 
I output 
transition 
time 
19 


1 


75 


I 


95 
110 
2.0 
7 
15 
19 
22 
ns 
4.5 
Figs 7 and 8 
tTLH 
6 
13 
16 
19 
6.0 


clock 
pulse width 
165 
22 


I 


205 


1 


250 
2.0 


tw 
33 
8 
41 
50 
ns 
4.5 
Fig.7 
HIGH or LOW 
28 
6 
35 
43 
6.0 


125 
39 
155 


1 


'90 
2.0 
tw 
master reset pulse width 
25 
14 
31 
38 
ns 
4.5 
Fig.9 
LOW 
21 
11 
26 
32 
6.0 


I 


125 
33 
155 
190 
2.0 


tw 
preset 
enable 
pulse 
width 
25 
12 
31 
38 
ns 
4.5 
Fig.9 
PL; LOW 
21 
10 
26 
32 
6.0 


I 


removal 
time 
50 
14 
65 
75 
2.0 


trem 
MR to CP or J5T to CP 
10 
5 
13 
15 
ns 
4.5 
Fig. 10 
9 
4 
11 
13 
6.0 


set-up 
time 
75 
22 
95 
110 
2.0 
tsu 
PE to CP 
15 
8 
19 
22 
ns 
4.5 
Fig.l1 
13 
6 
16 


I 


19 
6.0 


set-up time 
150 
44 
190 
225 
2.0 


tsu 
'IT to CP 
30 
16 
38 
45 
ns 
4.5 
Fig. 11 


26 
13 
33 
38 
60 


I 


set-up 
time 
75 
22 


I 


95 
110 
2.0 
tsu 
15 
8 
19 
22 
ns 
4.5 
Fig. 12 
Pn to CP 
13 
6 
16 
19 
6.0 


hold time 
/g 


/-14 
I 0 
0 
2.0 
th 
F't to CP 
-5 
I 


0 
0 
ns 
4.5 
Fig. 11 


-4 
0 
0 
6.0 
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AC CHARACTERISTICS 
FOR 74HC 
(Cont'd) 


GND = a V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 
to +85 
-40 
to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


hold time 
a 
-30 
a 
a 
2.0 


th 
'IT to CP 
a 
-11 
a 
a 
ns 
4.5 
Fig. 11 


a 
-9 
a 
a 
6.0 


hold time 
a 
-17 
a 
a 
2.0 


th 
Pn to CP 
a 
-6 
a 
a 
ns 
4.5 
Fig. 12 
a 
-5 
a 
a 
6.0 


maximum 
clock 
pulse 
3.0 
10 
2.4 
2.0 
2.0 


fmax 
frequency 
15 
29 
12 
10 
MHz 
4.5 
Fig. 7 
18 
35 
14 
12 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family characteristics". 
section 
"Family 
specifications". 


Output capability: 
standard 
ICC category: MSI 


Note to HCT types 


The value 
of additional 
quiescent 
supply 
current 
(.6ICC) 
for 
a unit 
load of 1 is given in the family 
specifications. 


To determine 
filec 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table below. 


CP, PE 
MR 
TE 
PI 
Pn 


AC CHARACTERISTICS 
FOR 74HCT 


GND = 0 V;tr= 
tf= 
6 ns;CL = 50pF 


Tamb lOCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 
to +85 
--40 to +125 
V 


min. 
typo I max. 
min. 
max. 
min. 
max. 


tpHll 
propagation delay 
35 
60 
75 
90 
ns 
4.5 
Fig. 7 
tPLH 
CP to TC 


tPHLI 
propagation delay 
23 
40 
50 
60 
ns 
4.5 
Fig. 8 
tPLH 
IT to TC 


tPHLI 
propagation 
delay 
44 
75 
94 
112 
ns 
4.5 
Fig.9 
tPLH 
PI to TC 


tpHL 
propagation delay 
29 
55 
69 
83 
ns 
4.5 
Fig.9 
MR to TC 


tTHLI 
output 
tiansition 
time 
7 
15 
19 
22 
ns 
4.5 
Figs. 7 and 8 
tTLH 


tw 


I 


clock pulse width 
33 
10 
41 


I 


50 
ns 
4.5 
Fig. 7 
HIGH or LOW 


tw 
master reset pu lse width 
30 
16 
38 


I 


45 
ns 
4.5 


I 


Fig.9 
LOW 


tw 
preset enable pulse width 
38 
22 
48 
57 
ns 
4.5 
Fig. g 
PI; LOW 


removal 
time 
10 
1 
13 
15 
ns 
4.5 
Fig. 10 
(rem 
MR to CP or PI to CP 


tsu 
set-up time 
20 
11 
25 
30 
ns 
4.5 
Fig. 11 
PE to CP 


tsu 
set-up time 
40 
20 
50 
60 
ns 
4.5 
Fig. 11 
IT to CP 


tsu 
set-up time 
20 
11 
25 
30 
ns 
4.5 
Fig. 12 
Pn to CP 


th 
hold 
time 
2 
-3 
2 


I 
1 
2 
I ns 
4.5 
Fig. 11 
PE to CP 
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Tamb (OC) 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
-40 
to +851 


UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +125 
V 


min. 
typo 
max. 
min.[ 
max. 
min. 
max. 


th 
I h0i.'!....time 
0 
-10 I 
I 


0 
I 
0 
ns 
4.5 
Fig. 11 
TE to CP 
I 


th 
hold time 
0 
-5 
0 


I 


0 
4.5 
Fig. 12 
Pn to CP 
ns 


fmax 
maximum 
clock 
pulse 
15 
28 
12 


I 


10 
MHz 
4.5 
Fig.7 
frequency 
I 
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Fig. 7 
Waveforms 
showing 
the clock 
input 


ICP) to TC propagation 
delays, 
the clock 


pulse width, 
the output 
transition 
times 
and the maximum 
clock 
pulse frequency. 


Fig.8 
Waveforms 
showing 
the IT to TC 
propagation 
delays. 


Fig. 9 
Waveforms 
showing PI, MR, 
Pn 


to TC propagation 
delays. 


Fig. 
12 
Waveforms 
showin~ 
hold and set-up 


times for 
Pn, PE to CPo 


Note 
to AC waveforms 


Il)HC 
VM=50%;VI=GNDtoVCC' 


HCT: VM ~ 1.3 V; VI = GND to 3V. 


Note to Fig. 12 


The shaded areas indicate when the input 
is permitted 
to change for predictable 


output 
performance. 
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Vcc 


'0 
TC 


TE 


PE 


'L 


Mil 
" 
C, 


OND 
"f 


Po 


IIN 
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74HC/HCT40104 


MSI 


• 
Synchronous 
parallel 
or serial 
operating 


• 
3-state 
outputs 


• 
Output 
capability: 
bus driver 


• 
ICC 
category: 
MSI 


GENERAL 
DESCRIPTION 


The 
74HC/HCT40104 
are high-speed 


Si-gate 
CMOS 
devices 
and are pin 


compatible 
with 
the 
"40104" 
of the 


"4000B" 
series. They 
are specified 
in 
compliance 
with 
JEDEC 
standard 
no. 7A. 


The 
74HC/HCT40104 
are universal 


shift 
registers 
featuring 
parallel 
inputs, 
parallel 
outputs, 
shift-right 
and shift-left 


serial 
inputs 
and 345tate 
outputs 
allowing 
the devices to be used in bus-organized 
systems. 


In the 
parallel-load 
mode 
ISo and 
S1 are 
HIGH), 
data 
is loaded 
into 
the associated 
flip-flop 
and appears 
at the output 
after 


the positive 
transition 
of the clock 
input 
(CP). 


During 
loading, 
serial 
data 
flow 
is 


inhibited. 
Shift-right 
and shift-left 
are 
accomplished 
synchronously 
on the 
positive clock edge with serial data entered 
at the 
shift-right 
IDSR) 
and shift-left 
(DSL) 
serial 
inputs, 
respectively. 


Clearing 
the 
register 
is accomplished 
by 
setting 
both 
mode 
controls 
(SO and S1) 
LOW 
and clocking 
the 
register. 


When 
the 
output 
enable 
input 
(OE) 
is 


LOW, 
all outputs 
assume 
the high- 
impedance 
OFF-state 
IZ). 


• 
Arithmetic 
unit 
bus registers 


• 
Serial/parallel 
conversion 


• 
General-purpose 
register 
for 
bus 
organized 
systems 
• 
General-purpose 
registers 


TYPICAL 
SYMBOL 
PARAMETER 
CONDITIONS 
UNIT 


HC 
HCT 


tPHL/ 


I 


propagation 
delay 
13 
15 
ns 


tpLH 
CP to Qn 
CL 
= 15 pF 


I 


VCC= 
5V 
fmax 
maximum 
clock 
frequency 
62 
57 
MHz 


CI 
input 
capacitance 
I 
3.5 
3.5 
pF 


CPD 
power dissipation 
notes 
1 and 
2 
75 
75 
pF 
capacitance 
per package 


Notes 


1. 
CPO 
is used to determine 
the dynamic 
power 
dissipation 
(PD in IlW): 


PD = CPO x VCC' 
x fi + I (CL 
x VCC' 
x fa) 
where: 


fj 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 


fa 
= 
output 
frequency 
in MHz 
VCC 
= 
supply 
voltage 
in V 
1: (CL 
X VCC' 
x fol 
= sum of outputs 


2. 
For 
HC 
the condition 
is VI 
= GND 
to VCC 
For 
HCT 
the condition 
is VI = GND 
to 
VCC 
- 
1.5 V 


PACKAGE 
OUTLINES 


16-lead 
01 L; plastic 
(S0T38Z). 
16-lead 
mini-pack; 
plastic 
(5016; 
SOT109A). 


PIN 
NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
OE 
3·state 
output 
enable 
input 
(active 
HIGH) 


2 
DSR 
serial data shift-right 
input 


3,4,5,6 
DO to 03 
parallel 
data 
inputs 


7 
DSL 
serial 
data shift-left 
input 


8 
GND 
ground 
(0 V) 


9,10 
SO' S1 
mode 
control 
inputs 


11 
CP 
clock 
input 
(LOW-to-HIGH, 
edge-triggered) 


15,14,13,12 
QO to Q3 
3-state 
parallel 
outputs 


16 
VCC 
positive 
supply 
voltage 


SRG4 
10 
°tM£ 
So 
" 


10 
,) 
3 


°SR 
C4 


Do 
°0 
IS 
1--/2- 


EN 


0, 
0, 


0, 
0, 
0, 
13 
1,40 
IS 


03 
°3 
" 
'V 
3,40 


3,4 D 
'V 
14 


°Sl 


C? 
OE 
3.40 
'V 
13 


11 
3,40 
'V " 
2.4D 


Fig. 
1 Pin configuration. 
Fig. 
2 
Logic 
symbol. 
Fig.3 
I EC logic 
symbol. 
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H 
= HIGH voltage level 
L 
= LOW voltage level 


X 
= don't care 
tn+ 1 = state after next 


LOW-to-HIGH transition 
of CP 


OPERATING MODES i 


INPUTS (OE = HIGH) 
OUTPUTS at tn+1 


S1 
So 
DSR 
DSL 
DOto D3 
QO 
Q1 
Q2 
Q3 


reset 
I L 
I 
L I X 
X 
X 
L 
I L 
L 
L 


I 


I ~ 
I 


, 


01 
I °2 


I 


shift left 
L 
X 
L 
X 
°3 
L 


L 
X 
I 
H 
X 
01 
02 
°3 
H 


shift right 
I 


L 
H 
L 
X 
X 
L 
I 00 
01 
°2 
L 
H 
H 
X 
X 
H 
°0 
01 
°2 


parallel load 
I 


H 
H 
X 
X 
L 
L 
L 
L 
L 
H 
H 
X 
X 
H 
H 
H 
H 
H 


0, 
0, 
°3 
°s, 


I 
? 


I 


5, 
? 


So 


°s. 
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DC CHARACTERISTICS 
FOR 74HC 


For the 
DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications" 


Output 
capability: 
bus driver 


'CC category: MSI 


AC CHARACTERISTICS 
FOR 74HC 


GND = 0 V; tr = tf = 6 ns; CL = 50 pF 


Tamb (OC) 
TEST CONDITIONS 


74HC 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 


+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max. 
min. 
max. 


I tPHLI 
propagation 
delay 
44 
170 
215 
255 
2.0 


I 


16 
34 
43 
51 
ns 
4.5 
Fig. 6 
tPLH 
CP to Qn 
13 
29 
37 
43 
6.0 


I 


I 


I ns 
tpzHI 
3-state output enable time 
33 


1 


150 
190 
225 
2.0 
12 
30 
38 
45 
4.5 
Fig.7 
tpZL 
OE to Qn 
10 
26 
33 
38 
6.0 


tPHzI 
I 


3·state output disable time I 
50 
150 
190 
225 
2.0 
18 
I 30 
38 
45 
ns 
4.5 
Fig. 7 
tPLZ 
OE to Qn 


114 


126 
33 
38 
6.0 


tTHLI 
14 
60 
75 
90 
2.0 
output 
transition 
time 
5 
12 
15 
18 
ns 
4.5 
Fig.6 


tTLH 
4 
10 
13 
15 
6.0 


clock pulse width 
80 
11 
100 
120 
2.0 


tw 
16 
4 
20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 
14 
3 
17 
20 
6.0 


I 
set-up time 
80 Ir 
I 


100 
120 
2.0 
tsu 
16 
20 
24 
ns 
4.5 
Fig. 8 
Dn. DSR. DSL to CP 
14 
17 
20 
6.0 


set-up time 
80 
22 


I 


100 
120 
2.0 


tsu 
16 
8 
20 
24 
ns 
4.5 
Fig.8 
SO. Sl to CP 
14 
6 
17 
20 
6.0 


I 


hold time 
2 
-8 
2 
2 
2.0 


th 
Dn• DSR, DSL to CP 
2 
-3 
2 
2 
ns 
4.5 
Fig.8 


2 
-2 
2 
2 
6.0 


hold time 
2 


1- 


14 
2 
2 
2.0 
th 
50,51 
to CP 
2 
-5 
2 
2 
ns 
4.5 
Fig.8 


2 
-4 
2 
2 
6.0 


maximum 
clock 
pulse 
6.0 
19 
4.8 
4.0 
2.0 


fmax 
frequency 
30 
56 
24 
20 
MHz 
4.5 
Fig. 6 
35 
67 
28 
24 
6.0 
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DC CHARACTERISTICS 
FOR 74HCT 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output capability: 
bus driver 


ICC category: MSI 


Note to HCT types 


The value 
of additional 
quiescent 
supply 
current 
(idee) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
61CC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


DOto D3 
0.35 
DSR,DSL 
0.35 


CP 
0.35 


SO,S, 
0.70 


OE 
1.40 


AC CHARACTERISTICS 
FOR 74HCT 


GND =0 V;tr 
=If= 
6ns;CL 
= 50 pF 


T.mb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 
UNIT 
VCC 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 
V 


min. 
typo 
max. 
min. 
max·1 
min. 
max. 


tpHLI 
propagation delay 
18 
34 
43 
51 
ns 
4.5 
Fig. 6 


tPLH 
CP to Qn 


tPzHI 
3-5tate 
output 
enable 
ti me 
12 
30 
38 


I 


45 
ns 
4.5 
Fig. 7 
tPZL 
OE to Qn 


tpHzl 
3·state 
output 
disable 
time 
21 
35 


I 


44 


I 


53 
ns 
4.5 
Fig. 7 
tPLZ 
OE to Qn 


tTHLI 
output 
transi ti on ti me 
5 
12 


I 
I 


15 


I 


18 
ns 
4.5 
Fig.6 
lTLH 


tw 
clock pulse width 


I 


16 
7 
I 20 
24 
ns 
4.5 
Fig. 6 
HIGH or LOW 


!SU 


I 


set·up time 
16 
8 
20 


1 
24 
ns 
4.5 
Fig. 8 
Dn, DSR, DSL to CP 


!SU 
set-up 
time 
20 
9 


I 
I 


25 
30 
ns 
4.5 
Fig.8 


SO,Sl to CP 


hold time 
2 
-2 
I 
2 
2 
ns 
4.5 


I 


Fig. 8 
th 
Dn, DSR, DSL to CP 
I 


hold time 
2 
-5 
I 


2 
2 
ns 
4.5 
Fig. 8 
th 
SO,Sl to CP 


fmax 
maximum 
clock 
pulse 
27 
52 
I 


22 
18 
MHz 
4.5 
Fig. 6 
frequency 
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Fig. 6 
Waveforms 
showing 
the clock 
(CP) to 


output 
(Qn) 
propagation 
delays. 
the clock 
pulse 


width, the output transition times and the 
maximum 
clock 
frequency. 


on.OSR. 


OSLo Sn 


INPUT 


Note 
to AC waveforms 


(11 HC 
VM = 50%; 
VI = GNO 
to VCC 


HCT: 
VM=1.3V;VI=GNOt03V. 


On 
OUTPUT 


LOW-fO-OFF 


OFF-to-LOW 


On 
OUTPUT 


HIGH-lO-OFF 


OFF-fO-HIGH 


0'''''' _1__ 
OUtputs 
enabled 
disabled 


Fig. 8 Waveforms 
showing 
the set-up and hold 


times 
from 
the On. 0SR. 
0SL 
and Sn inputs 


to the clock 
(CP). 


Note to 
Fig 8 


The shaded areas indicate 
when 
the input 
is 


permitted 
to change 
for 
predictable 
output 


performance. 
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• 
Independent 
asynchronous 
inputs 
and 


outputs 


• 
Expandable 
in either 
direction 


• 
Reset 
capability 


• 
Status 
indicators 
on 
inputs 
and 


outputs 


• 
3-state 
outputs 


• 
Output 
capability: 
standard 


• 
ICC category: 
MSI 


GENERAL 
DES:::RIPTION 


The 74HC/HCT40105 
are high-speed 
Si-gate CMOS devices and are pin 
compatible 
with 
the "40105" 
of the 


"4000B" 
series. They 
are specified 
in 


compliance 
with 
JEOEC 
standard 
no. 7A. 


The 74HC/HCT401 
05 are first-in/first- 


out 
(FIFO) 
"elastic" 
storage registers that 


can store sixteen 
4-bit 
words. 
The "40105" 
is capable 
of handling 
input 
and output 


data 
at different 
shifting 
rates. 
This 
feature 
makes 
it particularly 
useful 
as a buffer 


between 
asynchronous 
systems. Each 


word 
position 
in the register is clocked 
by 


a control 
flip-flop, 
which 
stores a marker 


bit. 
A "1" 
signifies 
that 
the position's 
data is filled and a "0" denotes a vacancy 
in that 
position. 
The control 
flip·flop 


detects 
the state of the preceding 
flip-floo 
and communicates 
its own status to the 


succeeding 
flip-flop. 
When 
a control 


flip-flop 
is in the "0" 
state and sees a "1" 
in the preceding 
flip-flop, 
it generates a 


clock 
pulse 
that 
transfers 
data 
from 
the 


preceding 
four 
data latches 
into 
its own 


four data latches and resets the preceding 
flip-flop 
to "0". 
The first 
and last control 


flip-flops 
have buffered 
outputs. 
Since all 


empty 
locations 
"bubble" 
automatically 
to the input 
end, and all valid data 
ripples 
through 
to the output 
end, 
the status of 


the first 
control 
flip-flop 
(data-in 
ready 


output 
- OIR) 
indicates 
if the FIFO 
is full, 
and the status 
of the last flip-flop 
(data-out 


ready 
output 
- OOR) indicatesilthe 
FIFO 


(continued 
on next pagel 
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TYPICAL 


SYMBOL 
PARAMETER 
CONOITIONS 
UNIT 


HC 
HCT 


tPHL/ 


propagation 
delay 


MR to 01 R, OOR 
16 
15 
ns 
tPLH 
SO to Qn 
37 
35 
ns 
CL = 15 pF 


propagation 
delay 
VCC = 5 V 


tpHl 
SltoOIR 
16 
18 
ns 


SO to OOR 
17 
18 
ns 


fmax 
maximum 
clock 
frequency 
33 
31 
MHz 


CI 
input 
capacitance 
3.5 
3.5 
pF 


CpO 


power 
dissipation 
notes 
1 and 2 
134 
145 
rF 
capacitance 
per package 


GNO = 0 V; Tamb = 25°C; 
tr = tf = 6 ns 


Notes 


1. CPO is used to determine 
the dynamic 
power 
dissipation 
(PO in ;tW): 


Po = CpO x VCC' 
x fi + ~ (Cl 
x VCC' 
x fa) where: 


fi 
= 
input 
frequency 
in MHz 
CL 
output 
load capacitance 
in pF 
fa 
= output 
frequency 
in MHz 
VCC 
= supply 
voltage 
in V 


l: 
(Cl 
x VCC' 
x fa) = sum of outputs 


2. 
For HC 
the condition 
is VI = GNO to VCC 
For HCT the condition 
is VI = GNO to VCC - 
1.5 V 


PACKAGE 
OUTLINES 


16-lead 0 I L; plastic ISOT38Zl. 
16-lead mini-pack; 
plastic (5016; 
SOTt09Al. 


PIN DESCRIPTION 


PIN NO. 
SYMBOL 
NAME 
AND 
FUNCTION 


1 
OE 
output 
enable 
input 
(active 
LOW) 


2 
OIR 
data-in 
ready 
output 


3 
SI 
shift-in 
input 
(lOW-to·HIGH, 
edge-triggered 
I 


4,5,6,7 
00 to 03 
parallel 
data inputs 


8 
GNO 
ground 
(0 V) 
9 
MR 
asynchronous 
master 
reset input 
(active 
H IG H I 


13,12,11,10 
QO to Q3 
3-state 
data outputs 


14 
OOR 
data-out 
ready 
output 


15 
SO 
shift-out 
input 
(HIGH-to-lOW, 
edge·triggeredl 


16 
VCC 
positive 
supply 
voltage 


, 


<> 


DE 


00 
Co 
13 


0, 
0, 
12 


02 
02 


0, 
C, 
10 


Sl 
OOR 


15-0 
SO 
OIR 


9 
1Z9J8J1 


Fig. 2 
Logic symbol. 


l 
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contains 
data. 
As the earliest 
data 
is 
removed 
from 
the bottom 
of the data 
stack 
(output 
end). 
all data entered 
later 


will automatically 
ripple 
toward 
the 
output. 


INPUTS 
AND 
OUTPUTS 


Data inputs 
(DO to 031 


As there 
is no weighting 
of the 
inputs, 
any 
input 
can 
be assigned 
as the 
MSB. 
The 
size 
of the 
F I Fa 
memory 
can be reduced 
from 


the 4 x 16 configuration, 
i.e. 3 x 16, 
down 
to 
1 x 16, by tying 
unused 
data 


input 
pins to VCC or GNO. 


Data outputs 
1°0 
to 03) 


As there 
is no weighting 
of the 
outputs, 
any output 
can be assigned 
as the M5B. 
The size of the F I Fa 
memory 
can be 
reduced 
from 
the 4 x 16 configuration 
as 


described 
for data 
inputs. 
I n a reduced 


format, 
the unused 
data output 
pins must 


be left open circuit. 


Master·reset 
IMRI 


When 
MR 
is HIGH, 
the control 
functions 


within 
the F I Fa 
are cleared, 
and dat 


content 
is declared 
invalid. 
The 


data-in-ready 
I D I R I flag isset 
HI G Hand 


the data·out-ready 
100R) 
flag is set LOW. 
The 
output 
stage 
remains 
in the 
state 
of 


the 
last word 
that 
was 
shifted 
out, 
or in 


the 
random 
state 
ex isting 
at power~up. 


Status 
flag outputs 
101R, 
OORI 


Indication 
of the status 
of the 
FIFO 
is 


given 
by two 
status 
flags, 
data-in·ready 
(OIRI 
and data-aut-ready 
(OaR): 


DI R 
= 
HIGH 
indicates 
the 
input 
stage is 


empty 
and ready 
to accept 
valid 


data; 


DI R 
LOW 
indicates 
that 
the 
FI Fa 
is 
full or that 
a previous 
shift-in 


operation 
is not 
complete 
(busy); 


OaR 
HIGH 
assures valid 
data 
is present 


at the outputs 
00 
to 03 
(does not 
indicate 
that 
new 
data 
is awaiting 


transfer 
into 
the 
output 
stage); 


OaR 
LOW 
indicates 
the output 
stage is 
busy 
or there 
is no valid 
data. 


Shift-in 
control 
ISI) 


Data 
is loaded 
into 
the 
input 
stage 
on 
a 


LOW-to-HIGH 
transition 
of 51. It also 


triggers 
an automatic 
data 
transfer 
process 


(ripple 
through). 
If 51 is held 
HIGH 
during 


reset, data will 
be loaded 
at the falling 


edge of the M R signal. 


Shift-out 
control 
ISOI 


A HIGH-to-LOW 
transition 
of SO causes 
the OaR 
flags to go LOW. 
A 
HIGH-to-LOW 
transition 
of SO causes 


upstream 
data 
to move 
into 
the 
output 
stage, 
and 
empty 
locations 
to move 
towards 
the 
input 
stage (bubble-upl. 


Output 
enable 
(OE) 


The outputs 
00 
to.Q3 
are enabled 
when 
OE = LOW. 
When 
OE = HIGH 
the 
outputs 
are in the 
high 
impedance 
OFF·state. 


Data 
input 


Following 
power-up, 
the master-reset 
(MR) 
input 
is pulsed 
HIGH 
to clear the FIFO 
memory 
(see Fig. BI. The data-in-ready 
flag 


(DIR 
= HIGH) 
indicates 
that 
the FIFO 
input 
stage 
is empty 
and 
ready 
to receive 
data. 
When 
01 R is valid 
(HIGHI, 
data 
present 
at DO to 
03 
can 
be shifted-in 
us!ng 
the 51 control 
input. 
With 
51 = HIGH, 
data 


is shifted 
into 
the 
input 
stage 
and a busy 
indication 
is given 
by DIR 
going 
LOW. 


The 
data 
remains 
at the 
first 
location 
in 


the 
FIFO 
until 
OIR 
is set to HIGH 
and 
data 
moves through 
the F I Fa 
to the 
output 
stage, 
or to the 
last empty 
location. 
If the 
FIFO 
is not full 
after 
the 
51 pulse, 
DI R again becomes 
valid 
(HIGH) 
to 
indicate 
that 
space 
is available 
in the 
FI Fa. 
The 
DI R flag remains 
LOW 
if the 
FI Fa 
is full 
(see Fig. 6). The 51 pulse must 
be made 
LOW 
in order 
to complete 
the 
shift-in 
process. 


With 
the 
FIFO 
full, 
51 can be held 
HIGH 
until 
a shift-out 
(501 
pulse occurs. 
Then, 


following 
a shift-out 
of data, 
an empty 


location 
appears at the F I Fa 
input 
and 
01 R goes HIGH 
to allow 
the next 
data to 
be shifted-in. 
This 
remains 
at the 
first 
F I Fa 
location 
until 
51 goes LOW 
(see 
Fig. 
71. 


Data 
transfer 


After 
data 
has been transferred 
from 
the 


input 
stage of the 
F I Fa 
following 
51 = LOW, 
data 
moves through 
the FIFO 


asynchronously 
and 
is stacked 
at the 
output 
end of the register. 
Empty 


locations 
appear 
at the 
input 
end 
of the 
F I Fa 
as data moves through 
the device. 


Data output 


The data-out·ready 
flag (DO R = HI G H 1 


indicates 
that 
there 
is valid 
data 
at the 
output 
(00 
to 03). 
The initial 
master-reset 


at power-on 
(MR = HIGH) 
sets DOR 
to 
LOW 
(see Fig. 81. After 
MR = LOW, 
data 


shifted 
into 
the FIFO 
moves through 
to 
the output 
stage causing 
DO R to go HI G H. 


As the 
OaR 
flag goes HIGH, 
data can be 
shifted-out 
using the SO control 
input. 
With 
50 = HIGH, 
data 
in the output 
stage 
is shifted 
out and 
a busy 
indication 
is 


given 
by OaR 
going 
LOW. When SO is 
made 
LOW, 
data 
moves through 
the 
FIFO 


to fill 
the output 
stage and an empty 
location 
appears 
at the 
input 
stage. 
When 
the output 
stage is filled 
OaR 
goes HIGH, 


but 
if the 
last of the val id data has been 
shifted-out 
leaving 
the FI Fa 
empty 
the 


OaR 
flag remains 
LOW 
(see Fig. 91. With 
the 
F I Fa 
empty, 
the last word 
that 
was 


shifted·out 
is latched 
at the output 


00 
to 03. 


With 
the 
FIFO 
empty, 
the SO input 
can 
be held 
HIGH 
until 
the 51 control 
input 
is 


used. 
Following 
an 51 pulse, 
data 
moves 
through 
the 
F I Fa 
to the output 
stage, 


resulting 
in the 
DOR 
flag pulsing 
HIGH 
and as shift-out 
of data 
occurring. 
The 
SO control 
must 
be made 
LOW before 


additional 
data can be shifted-out 
Isee 


Fig 
101. 


High-speed 
burst 
mode 


If it is assumed 
that 
the 
shift-in/shift-out 
pulses 
are not 
applied 
until 
the 
respective 


status 
flags 
are valid, 
it follows 
that 
the 


shift-in/shift·out 
rates 
are determined 
by 


the 
status 
flags. 
However, 
without 
the 
status 
flags 
a high-speed 
burst 
mode 
can 
be 


implemented. 
In this 
mode, 
the 
burst-inl 


burst-out 
rates 
are determined 
by the 


pulse widths 
of the shift-in/shift-out 
inputs 


and burst 
rates of 35 MHz 
can be obtained. 
5hift 
pulses can be applied 
without 
regard 
to the status 
flags but 
shift-in 
pulses that 


would 
overflow 
the 
storage 
capacity 
of the 
FIFO 
are not 
allowed 
(see Figs 11 and 
121. 


Expanded 
format 


With 
the addition 
of a logic gate, the FIFO 


is easily 
expanded 
to increase 
word 
length 


Isee Fig. 
171. The basic operation 
and 


timing 
are identical 
to a single 
FIFO, 
with 
the 
exception 
of an additional 
gate 
delay 


on the flag outputs. 
If during 
application, 


the 
following 
occurs: 


• 
51 is held 
HIGH 
when 
the FIFO 
is 


empty, 
some 
additional 
logic 
is required 
to produce 
a composite 
DI R pulse Isee 


Figs 7 and 
18). 


Due to the part-to-part 
spread of the ripple 
through 
time, 
the 51 signals of FIFOA 


and F I FOB will 
not always 
coincide 
and 
the AND-gate 
will 
not produce 
a 


composite 
flag signal. 
The 
solution 
is given 
in Fig. 
18. 


The "40105" 
is easily 
cascaded 
to increase 
the 
word 
capacity 
and 
no external 


components 
are needed. 
In the 
cascaded 


configuration, 
all necessary 


communications 
and timing 
are performed 


by the 
F 1FOs. 
The 
intercommunication 


speed 
is determined 
by the 
minimum 
flag 


pu Ise widths 
and the flag delays. 
The data 


rate of cascaded 
devices 
is typically 


25 MHz. 
Word-capacity 
can be expanded 


to and beyond 
32-words 
x 4-bits 
Isee 


Fig. 
191. 
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Notes to Fig. 5 


(seecontrol flip· flops) 


(1) LOW on 5 input of FF1 and FF5 will set Q output to HIGH independent of state on R input. 


(2) LOW on R input of FF2, FF3 and FF4 will set Q output to LOW independent of state on 5 input. 


DC CHARACTERISTICS 
FOR 74HC 


For the DC characteristics 
see chapter 
"HCMOS 
family 
characteristics", 
section 
"Family 
specifications. 


Output capability: 
standard 
ICC category: MSI 


Tamb (OCI 
TEST CONDITIONS 


74HC 


",'T I V~' 


SYMBOL 
PARAMETER 
WAVEFORMS 
+25 
-40 to +85 
-40 to +125 


I min. 
typo 
max. 
min. 
I 
. 
max. 
max'l 
min. 


152 
I 175 


I 


1220 
~ 


265 
2.0 
tpHL/ 
propagation delay 
19 


1 
35 


144 
53 
ns 
4.5 
Fig.8 
tPLH 
MR to DIR, OaR 
15 
I 30 
37 
45 
6.0 


I tPHL 


i 
propagation delay 
52 
210 
I 


265 


1 


315 
2.0 


I 
19 
42 
53 
63 
I ns 
4.5 
Fig.6 


I 
SI to DIR 
15 
36 
45 
54 
6.0 
I 
I 


I 
55 
210 
265 


I 


315 I 
2.0 
I 
propagation delay 
tPHL 
I 
SO to OaR 
20 
42 
53 
63 
ns 
4.5 
Fig.9 


I 
16 
36 
45 
54 
I 
6,0 


tPHL/ 
I 
propagation delay 


1 


116 
400 
500 


I 
I 


600 
i 
2.0 
42 
80 
100 
120 
ns 
4.5 
Fig. 14 
tPLH 
I 


SO to On 
34 
68 
85 
I 
102 
6.0 


propagation delay/ 
564 
2000 
2500 
3000 
2.0 


tpLH 
ripple through delay 
205 
400 
500 
600 
ns 
4.5 
Fig. 10 


SI to OaR 
165 
340 
425 
510 
6.0 


propagation delay/ 
701 
2500 
3125 
3750 
I 2.0 


tPLH 
bubble·up delay 
255 
500 
625 
750 
ns 
4.5 
Fig. 7 


SOtoDIR 
204 
425 
532 
638 
6.0 


I 


I 


41 
150 
190 
225 
2.0 
tpZH/ 
3-5tate output enable time 
15 
30 
38 
45 
ns 
4.5 
Fig. 16 
tpZL 


! 


OE to On 
12 
26 
33 
38 
I 6.0 


I 


41 
140 
I 
175 
210 


I 
2.0 


1 Fig. 16 
tPHZ/ 
3·state output 
disable time 


I 
I 


OE to On 
15 
28 
35 
42 
ns 
4.5 
tPLZ 
I 
12 
24 
30 
36 
6.0 


tTHL/ 


I 


19 
75 
95 


I 


110 


1 


20 


output 
transition 
time 
7 
15 
19 
22 
ns 
4.5 
Fig. 14 
tTLH 
6 
13 
16 
19 
6.0 


SI pulse width 
80 
19 
100 
120 
2.0 


tw 
HIGH or LOW 
16 
7 
20 
24 
ns 
4.5 
Fig.6 


14 
6 
17 
20 
6.0 


SO pulse width 
120 
39 


1 


150 
180 
2.0 


tw 
HIGH or LOW 
24 
14 
30 
36 
ns 
4.5 
Fig.9 
20 
11 
26 
31 
60 


DIR pulse width 
12 
58 
180 
10 
225 
10 
270 
2.0 


tw 
HIGH 
6 
21 
36 
5 
45 
5 
54 
ns 
4.5 
Fig.7 


5 
17 
31 
4 
38 
4 
46 
6.0 


OaR pulse width 
12 
55 
170 
10 
215 
10 
255 
2.0 


tw 
LOW 
6 
20 
34 
5 
43 
5 
51 
ns 
4.5 
Fig.9 


5 
16 
29 
4 
37 
4 
43 
6.0 
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74HC/HCT40105 


MSI 


! 
Tamb (OC) 
TEST CONDITIONS 


i 


I SYMBOL 
74HC 


PARAMETER 
UNIT 
VCC 
WAVEFORMS 


I 


+25 
-40 to +85 
-40 to +125 
V 


I 
I 
min. 
typo 
max. 
min. 
max. 
min. 
max. 


I 


I 


80 
22 


I 


I tw 
MR pulse width 
100 
120 
2.0 


HIGH 
16 
8 
20 
24 
ns 
4.5 
Fig.8 


I 
14 
6 
17 
20 
6.0 


I 


I 


50 
14 
65 
75 


I 


2.0 


I trem 
removal 
time 
MR toSI 
10 
5 
13 
15 
ns 
4.5 
Fig. 15 
g 
4 
11 
13 
6.0 


I 


set-up 
time 
-5 
-39 
-5 
-5 


I 


2.0 


tsu 
On to SI 
-5 
-14 
-5 
-5 
ns 
4.5 
Fig. 13 


-5 
-11 
-5 
-5 
6.0 


I 


hold time 
125 
44 


1 


155 
190 


I 


2.0 


I Fig. 13 
th 
On to SI 
25 
16 
31 
38 
ns 
4.5 
21 
13 
26 
32 
6.0 


I 


maximum 
pulse frequency 
3.6 
10 


I 
1 


28 
2A 
2.0 


fmax 
SI, SO using flags or 
18 
30 
14 
12 
MHz 
4.5 
Figs 6, 9,11 
and 12 
burst 
mode 
21 
36 
16 
14 
6.0 


maximum 
pulse frequency 
3.6 
10 
2.8 
2A 
2.0 


fmax 
SI, SO cascaded 
18 
30 
14 
12 
MHz 
4.5 
Figs 6 and 9 


21 
36 
16 
14 
6.0 


For the DC characteristics 
see chapter 
"--lCMOS 
family 
characteristics", 
section 
"Family 
specifications". 


Output 
capability: 
standard 
ICC category: MSI 


Note to HCT types 


The value 
of additional 
quiescent 
supply 
current 
(Ll1CC) 
for a unit 
load of 1 is given in the family 
specifications. 
To determine 
~ICC 
per input, 
multiply 
this value 
by the unit 
load coefficient 
shown 
in the table 
below. 


INPUT 
UNIT LOAD 
COEFFICIENT 


OE 
0.75 
SI 
OAO 
On 
0.30 
MR 
1.50 
SO 
OAO 


74HC/HCT40105 


MSI l 
_ 


AC CHARACTERISTICS 
FOR 74HCT 


GN D = 0 v; tr = tf = 6 ns; CL = 50 pF 


Tamb (OCI 
TEST CONDITIONS 


74HCT 


SYMBOL 
PARAMETER 


! -40 
to +85 
UNIT 
VCC 
WAVEFORMS 
+25 
-40to+125 
V 
I 
i min. 
typo 
max. 
min. 
max. 
min. 
max. 


tPHLI 
I 
propagation delay 
I 


I 
I 
18 
35 
I 
44 
53 
ns 
4.5 
I Fig. 8 


I tPLH 
MR to DI R, DOR 
I 


r 
i 


I tPHL 
I 


propagation delay 


I 


I 


I Fig. 6 
SI to DIR 
21 
42 


1 
53 
63 
ns 
4.5 


I tPHL 


I 
propagation delay 


I 
I 
I Fig. 9 


I 
20 
42 
53 
63 
4.5 
I 
SO to DOR 
ns 


I 


tpHLI 


! 


propagation delay 
40 
80 
I 


100 
120 
ns 
4.5 
Fig. 14 
tpLH 
SO to Qn 


I 


propagation delayl 


I 


I 
I 


tPLH 
ripple through delay 
188 
400 
500 
600 


I 


ns 
45 
Fig. 10 


I 
SI to DOR 
I 


r 
propagation delayl 


I 


tpLH 
I 
bubble-up delay 
244 
500 
625 
750 
ns 
4.5 
Fig. 7 


I 
SO to DIR 


I tpZHI 
I 
3-state output enable time 


I 


r 
i 
18 
35 
I 
44 
53 
ns 
4.5 
Fig. 16 
tPZL 
I 
OE to Qn 
I 
I 
i 


. tPHzl 


I 


3-5tate 
output 
disable 
time 
15 
30 
38 
45 
ns 
4.5 
Fig. 16 
tpLZ 
OE to Qn 


tTHLI 


I 


I 


I 


output 
transition 
time 
7 
15 
tTLH 


! 
19 
22 
ns 
4.5 
Fig. 14 


Itw 


i 
SI pulse width 
I 


I 


I 
I 
I 


r 
HIGH or LOW 
16 
6 
20 
24 
I 


ns 
4.5 
Fig. 6 


I 
I 


! 
SO pulse width 
I 
16 
I 


I 
I 
tw 
HIGH or LOW 
7 
20 
24 
ns 
4.5 
Fig. 9 


I 


I 


DI R pulse width 


I 


tw 
HIGH or LOW 
6 
20 
34 
5 
43 
5 
51 
ns 
4.5 
Fig. 7 


tw 
DOR pulse width 
6 
19 I 


34 
5 
43 
5 
51 
ns 
4.5 


I 


Fig. 9 
HIGH or LOW 


tw 
MR pulse width 
16 
I 7 
20 
24 
ns 
4.5 
Fig. 8 
HIGH 
I 
I 


trem 
removal 
time 
15 
7 
19 
22 


I 


4.5 
Fig. 15 
MR to SI 
ns 
, 


I tsu 
set-up 
time 
-5 
I 


-14 
-4 
-4 
ns 
4.5 
Fig. 13 
Dn to SI 
I 


th 
hold time 
27 
16 
34 
41 
4.5 
Fig. 13 
Dn to SI 
ns 


max imum 
pulse frequency 


fmax 
SI, SO using flags or 
28 
12 
10 
MHz 
4.5 
Figs 6,9, 
11 and 12 
burst mode 


fmax 


maximum 
pulse frequency 
28 
12 
10 
MHz 
4.5 
Figs 6 and 9 
SI, SO cascaded 
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Notes to Fig. 6 


1. DIR initially 
HIGH; FIFO is prepared 
for valid data. 


2.51 
set HIGH; data loaded 
into input stage. 


3. DI R drops 
LOW. input stage "busy". 
4. DI R goes HIGH, status 
flag indicates 
FIFO prepared 
for additional 
data; 


data from 
first 
location 
"ripple 
through". 
5.51 
set LOW; necessary to complete 
shift-in 
process. 
6. Repeat 
process to load 2nd word through 
to 16th word into FIFO. 


7. DIR remains 
LOW; with attempt 
to shift into full FIFO, 
no data transfer 
occurs. 


With 
FIFO 
full; 51 held 
HIGH 
in anticipation 
of empty 
location 


-l 


Notes to Fig. 7 


1. FIFO 
is intiaily, 
shift-in 
is held HIGH. 
2. SO pulse; data in the output 
stage is unloaded, 
"bubble-up 
process of empty 


locations 
begins". 


3. DIR HIGH; when empty 
location 
reached 
input stage, flag indicates 
FIFO is prepared 


for data 
input. 


4. DI R returns 
to LOW; FIFO is full again 
5.51 
brought 
LOW; necessary 
to complete 
whidt·in 
process, 
DI R remains 
LOW, because 
FIFO is full. 


74HC/HCT40105 


MSI 
l 
_ 


Notes to Fig. 8 


1. DIR LOW, output 
ready HIGH; assume FIFO is full. 


2. MR pulse HIGH; clears FIFO. 
3. DI R goes HIGH; flag indicates 
input prepared 
for valid data. 


4. DOR drops 
LOW; flag indicates 
FIFO empty. 


Shifting 
out 
sequence; 
FI FO full to FI FO empty 


I 


I 
I 


IW_ 
Q: 
vM(tJ 


4 


_ 
_IW 
x ::;. 


Fig.9 
Waveforms 
showing the SO input to DI R output 
propagation 
delay. 
The SO pulse width 
and SO maximum 
pulse frequency. 


Notes to Fig. 9 


1. DOR HIGH; no data transfer 
in progress, valid data is present 
at output 
stage. 


2. SO set HIGH. 
3. SO is set LOW; data in the input stage is unloaded, 
and new data replaces it as empty 


location 
"bubbles-up" 
to input stage. 
4. DOR drops 
LOW; output 
stage "busy". 
5. DOR goes HIGH; transfer 
process completed, 
valid data present 
at output 
after the 


specified 
propagation 
delay. 


6. Repeat process 
to unload 
the 3rd through 
to the 16th word from FIFO. 
7. DOR remains 
LOW; FIFO is empty. 


_____ 
4_-b_i_t_x_l_6_-_w_o_r_d_F_' F_o_r_e_g_is_t_er_. 
j 
-'F~-- 


jVM1'l 
I 
5~ 


1_-IPlH --I 
--tw 
-- 


npple through 
delay 
V 


M 


(1) 


Fig. 10 Waveforms 
showing 
ripple 
through 
delay 51 input 
to OaR 
output 


and propagation 
delay from 
the OaR 
pulse to the On output. 


Notes to Fig. 10 


1. F I Fa 
is initially 
empty, 
50 
is held HIGH. 


2.51 
pulse; 
loads data into 
F IFa 
and initiates 
ripple 
through 
process. 
3. OaR 
flag signals the arrival 
of valid data at the output 
stage. 
4. Output 
transition; 
data arrives at outpoJt 
stage after 
the specified 
propagation 
delay 
between 
the rising edge of the OaR 
pulse to the On output. 


5. 50 
set LOW; 
necessary to complete 
shift-out 
process. 
OaR 
remains 
LOW, because 


FI Fa 
is empty. 
6. OaR 
goes LOW; 
F I Fa 
is empty 
again. 


Note 
to Fig_ 11 


I n the high-speed 
mode, 
the burst-in 
rate is determined 
by the minimum 
shift-in 
HIGH 


and shift-in 
LOW 
specifications. 
The 
01 R status flag is a don't 
care condition, 
and a 


shift-in 
pulse can be applied 
regardless of the flag. A 51 pulse which 
would 
overflow 
the storage capacity 
of the F I Fa 
is ignored. 


74HC/HCT40105 


MSI 


74HC/HCT40105 


MSI 
l~ 
_ 


Fig. 
12 
Waveforms 
showing SO minimum 
pulse width 
and maximum 


pulse frequency, 
in high-speed 
shift-out 
burst mode. 


Note to Fig. 12 


In the high-speed 
mode, 
the burst-out 
rate is determined 
by the minimum 
shift-out 


HIGH and shift-out 
LOW specifications. 
The DOR flag is a don't 
care condition 
and a 


SO pulse can be applied without 
regard to the flag_ 


Note to Fig. 13 
The shaded areas indicate 
when the input is permitted 
to change for predictable 
output 


performance. 


L""l 
-'·'-1 
tv- 


M 


," 
- 


-------'-Tl-H---fl- 
'THl- 
- 


Fig. 14 Waveforms 
showing SO input to Qn output 
propagation 
delays 


and output 
transition 
time. 
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Note 
to AC waveforms 


(1) HC 
VM = 50%; VI = GNO to VCC' 
HCT: VM = 1.3 V; VI = GNO to 3 V. 


0" 
a" 


OIR 
oaR 
40105 
" 
so 


i5E 


COMPOSITE 
OIR 


FLAG 


CIR 
oaR 


so 
so 
40105 


MR 
i5E 


DATA 
INPUT 
I 
)0" 
D" 
DATA 
OUTPUT 


lZ22415 


a" 
OUTPUT 


LOW'la-OFF 
OFF-IO·LOW 


an 
OUTPUT 


HIGH-to-OFF 


OFF·IO-HIGH 


Fig. 16 Waveforms showing the 3-state enable and 
disable times for input OE. 


COMPOSITE 


OOR 


FLAG 


Note to Fig. 17 


The PC74HC/HCT40105 
is easily expanded to increase word length. Composite 01 Rand 


OOR flags are formed with the addition of an AND gate. The basic operation and timing 
are identical to a single FIFO, with the exception of an added gate delay on the flags. 


'I (December 
1990 


Note 
to 
Fig. 18 


This 
circuit 
is only 
required 
if the SI input 
is constantly 
held 
HIGH, 
when the FIFO 
is empty 
and the automatic 
shift-in 
cycles 
are 
started 
(see Fig. 71. 


Expanded 
format 


Fig. 
19 shows two 
cascaded 
FIFOs 
providing 
a capacity 
of 32 words 
x 4 bits. 


Fig. 20 shows 
the signals on the nodes of both 
F I FOs after 
the application 
of a SI pulse, when 
both 
FI FOs are initially 
empty. 
After 


a rippled 
through 
delay, 
data arrives 
at the output 
of FIFOA' 
Due to SOA being HIGH, 
a DOR 
pulse is generated. 
The requirements 
of SIB 
and DnB are satisfied 
by the 
DORA 
pulse width 
and the timing 
between 
the rising edge of DORA 
and anA' 
After 
a second 


ripple 
through 
delay, 
data arrives 
at the output 
of F I FOB. 
Fig. 21 shows the signals on the nodes of both 
FIFOs 
after 
the application 
of a SOB pulse, when 
both 
FIFOs 
are initially 
full. 
After 
a bubble-up 
delay 
a 01 RB pulse 
is generated, 
which 
acts as a SOA pulse for 
FIFOA. 
One word 
is transferred 
from 
the output 
of 
FIFOA 
to the input 
of FIFOB. 
The requirements 
of the SOA 
pulse for 
FIFOA 
is satisfied 
by the pulse width 
of DORB. 
After 
a 
second 
bubble-up 
delay 
an empty 
space arrives 
at DnA, 
at which 
time 
DIRA 
goes HIGH. 
Fig. 
22 shows the waveforms 
at all external 
nodes of both 
F I FOs during 
a complete 
shift·in 
and shift-out 
sequence. 


$1 -----+ 
SIA :l~~O~ 


CIR 
OIRA 
anA 


Note 
to 
Fig. 19 


The PC74HC/HCT40105 
is easily cascaded 
to 
increase word 
capacity 
without 
any external 
circuitry. 
In cascaded 
format, 
all necessary 
communications 
are handled by the FIFOs. 
Figs 17 and 19 demonstrate the intercommunication 
timing between FIFOA 
and FIFOB' 
Fig. 22 gives an overview 
of pulses and timing 
of two 
cascaded 
FIFOs, 
when shifted 
full 
and shifted 
empty 
again. 
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Notes to Fig. 20 


1. FIFOA and FIFOB initially empty, SOA held HIGH in anticipation of data. 
2. Load one word into FI FOA; SI pulse applied, results in 01R pulse. 
3. Data out A/data in B transition; valid data arrives at FIFOA output stageafter a 
specified delay of the DOR flag, meeting data input set-up requirements of FIFOR. 
4. DORA and SIB pulse HIGH; (ripple through delay after SIA LOW) data is unloaded 


from FIFOA asa result of the data output ready pulse, data is shifted into FIFOB. 
5. DI RB and SOA go LOW; flag indicates input stageof FI FOB is busy, shift·out of 
FIFOA is complete. 


6. DIRB and SOA go HIGH automatically; the input stageof FIFOB is againable to 
receivedata, SO is held HIGH in articipation 
of additional data. 
7. DORB goes HIGH; (ripple through delay after SIB LOW) valid data is present one 
propagation delay later at the FIFOB output stage. 


'I(MarCh 
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74HC/HCT40105 


MSI l 
_ 


F)" 
2 


" 
_ -,-"-,,-"--"-0------------ 


aelay 


I 
X 


__I 
OuDDle· 
UP 
1_ 


delav 
___ 
F 


Notes 
to 
Fig_ 21 


1. FIFOA 
and FIFOS 
initially 
full, 
SIS held 
HIGH 
in anticipation 
of shifting 
in new 


data 
as empty 
location 
bubbles-up. 


2_ Unload 
one word 
from 
FIFOS; 
SO pulse applied, 
results 
in OOR 
pulse_ 


3_ DIRS 
and SOA 
pulse 
HIGH; 
(bubble-up 
delay 
afterSOs 
LOW) 
data is loaded 
into 
FIFOS 
asa result 
of the DIR 
pulse, data 
is shifted 
outof 
FIFOA_ 


4_ DORA 
and SIS go LOW; 
flag indicates 
the output 
stage of FIFOA 
is busy, 
shift-in 


to FIFOS 
is complete_ 
S_ DORA 
and SI S go HIGH; 
flag indicates 
valid 
data 
is again available 
at FI FOA 
output 


stage, SIS 
is held 
HIGH, 
awaiting 
bubble-up 
of empty 
location, 


6. DIRA 
goes HIGH; 
(bubble-up 
delay 
after 
SOA 
LOW) 
an empty 
location 
is present 
at 


input 
stage of FIFOA_ 


Note to application 
waveforms 


(1) 
HC 
: VM = 50%; VI = GND 
to VCC. 


HCT: 
VM = 1.3 V; VI = GND 
to 3 V. 
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MSI 


1 
sequence 
1 
) 
seauence2 
set!uenceJ 
I 
seQuence4 
I 
sequenceS 
I 
sequence 6 
I 
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Note to Fig. 22 


Sequence 1 IBoth FIFOs empty, starting shift·in processl: 
After a MR pulse hasbeen applied FIFOA and FIFOB are empty. The DOR flags of FIFOA and FIFOuo 
LOW due to no valid data 
being present at the outputs. The DIR flags are set HIGH due to the FIFOs being ready to accept data. SOB is held HIGH and two 
SIA pulsesare applied 111.These pulsesallow two data words to ripple through to the output stageof FIFOA and to the input stage 
of FI FOB (2). When data arrives at the output of FIFOB, a DORB pulse is generated (31.When SOB goes LOW, the first bit is shifted 
out and a second bit ripples through to the output after which DORB goes HIGH (4). 


Sequence2 IFIFOB runs full): 
After the MR pulse, a seriesof 1651 pulses are applied. When 16 words are shifted in, DIRB remains LOW due to FIFOB being full 
(51. DORA goes LOW due to FIFOA being empty. 


Sequence3 (FIFOA runs full): 
When 17 words are shifted in, DORA remains HIGH due to valid data remaining at the output of FIFOA' QnA remainsHIGH, being 
the polarity of the 17th data word 161.After the 32th 51 pulse, DIR remains LOW and both FIFOs are full (7). Additional pulses 
have no effect. 


Sequence4 IBoth FI FOs full, starting shift·out processl: 
SIA is held HIGH and two SOB pulsesare applied ISI. These pulsesshift out two words and thus allow two empty locations to 
bubble·up to the input stageof FIFOS, and proceed to FI FOA 191.When the first empty location arrives at the input of FIFOA, 
a 01RA pulse is generated (101 and a new word is shifted into FIFOA' SIA is made LOW and now the secondempty location reaches 
the input stageof FIFOA, after which DIRA remains HIGH (11). 


Sequence5 (FIFOA runs empty): 
At the start of sequence5 FI FOA conrains 15 valid words due to two words being shifted out and one word being shifted in in 
sequence4. An additional seriesof SOs pulsesare applied. After 15 SOs pulses,all words from FIFOA are shifted into FIFOB. 
DORA remains LOW 1121. 


Sequence6 (FIFOB runs empty): 
After the next SOB pulse, 01RB remains HIGH due to the input stageof FIFOB being empty (131. After another 15SOB pulses, 
OaRS 
remains 
LOW 
due to both 
FIFOs 
being empty 
(14). 
Additional 
SOS 
pulses have no effect. 
The 
last word 
remains available 
at 
the output Qn' 
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Electrostatic 
charges 
can 
be 
stored 
in 
many 
things; 
for 


example, 
man-made 
fibre 
clothing, 
moving 
machinery, 


objects 
with 
air 
blowing 
across 
them, 
plastic 
storage 
bins, 


sheets 
of 
paper 
stored 
in 
plastic 
envelopes, 
paper 
from 


electrostatic 
copying 
machines, 
and people. 
The charges 
are 


caused 
by 
friction 
between 
two 
surfaces, 
at 
least 
one 
of 


which 
is non-conductive. 
The magnitude 
and polarity 
of the 


charges 
depends 
on the 
different 
affinities 
for electrons 
of 


the 
two 
materials 
rubbing 
together, 
the 
friction 
force 
and 
the 
humidity 
of the surrounding 
air. 


Electrostatic 
discharge 
is the 
transfer 
of 
an 
electrostatic 
charge 
between 
bodies 
at different 
potentials 
and 
occurs 


with 
direct 
contact 
or 
when 
induced 
by 
an 
electrostatic 


field. 
All of our 
CMOS 
ICs are 
internally 
protected 
against 


electrostatic 
discharge, 
but 
they 
can 
be 
damaged 
if the 


following 
precautions 
are not 
taken. 


Figure 
1 shows 
a working 
area 
suitable 
for safely 
handling 


electrostatic 
sensitive 
devices. 
It 
has 
a work 
bench, 
the 


surface 
of which 
is conductive 
or covered 
by an antistatic 


sheet. 
Typical 
resistivity 
for 
the 
bench 
surface 
is 1 kQ 
to 


0,5 
MQ 
per 
cm2. 
The 
floor 
should 
also 
be covered 
with 


antistatic 
material. 
The 
following 
precautions 
should 
be 
observed: 


Persons 
at 
a work-bench 
should 
be earthed 
via 
a wrist 


strap 
and a resistor. 


All 
electrical 
equipment 
should 
be 
connected 
to 
the 


mains 
via 
an 
earth-leakage 
switch 
and 
the 
equipment 


cases should 
be earthed. 


Relative 
humidity 
should 
be 
maintained 
between 
50% 


and 65%. 


An 
ionizer 
should 
be 
used 
to 
neutralize 
objects 
with 


immobile 
static 
charges. 


CMOS 
ICs are 
packed 
for despatch 
in antistatic/conductive 


boxes, 
rails 
or 
blister 
tape. 
The 
fact 
that 
the 
ICs 
are 


sensitive 
to 
electrostatic 
discharge 
is shown 
by 
warning 


labels 
on both 
primary 
and secondary 
packing. 


The 
ICs should 
be 
kept 
in their 
original 
packing 
whilst 
in 


storage. 
If a bulk 
container 
is partially 
unpacked, 
the 
task 


should 
be 
performed 
at 
a protected 
work 
station. 
Any 


CMOS 
ICs that 
are temporarily 
stored 
should 
be packed 
in 


conductive or antistatic packing or carriers. 


HANDLING 


PRECAUTIONS 


CMOS 
ICs must 
be removed 
from 
their 
protective 
packing 
with 
earthed 
component-pincers 
or 
short-circuit 
clips. 


Short-circuit 
clips 
must 
remain 
in place 
during 
mounting, 


soldering 
and 
cleansing/drying 
processes. 
Don't 
remove 


more 
ICs from 
the 
storage 
packing 
than 
are needed 
at any 


one time. 
Production/assembly 
documents 
should 
state 
that 


the 
product 
contains 
electrostatic 
sensitive 
devices 
and that 


speci al precautions 
need to be taken. 


During 
assembly, 
ensure 
that 
the 
CMOS 
ICs are the 
last of 


the 
components 
to 
be 
mounted 
and that 
this 
is done 
at a 
protected 
work 
station. 


All 
tools 
used 
during 
assembly, 
including 
soldering 
tools 


and solder 
baths, 
must 
be earthed. 
All hand-tools 
should 
be 


of conductive 
or antistatic 
material 
and, where 
possible, 
not 


insulated. 


Measuring 
and testing 
of completed 
circuit 
boards 
must 
be 


done 
at a protected 
work 
station. 
Place the soldered 
side of 


the 
circuit 
board 
on 
conductive 
or 
antistatic 
foam 
and 


remove 
the 
short-circuit 
clips. 
Remove 
the 
circuit 
board 


from 
the 
foam, 
holding 
the 
board 
only 
at the 
edges. 
Make 


sure 
the 
circuit 
board 
doesn't 
touch 
the conductive 
surface 


of the 
work 
bench. 
After 
testing, 
replace 
the 
circuit 
board 
on the conductive 
foam 
to await 
packing. 


Handle 
assembled 
circuit 
boards 
containing 
CMOS 
ICs 
in 


the 
same 
way 
as unmounted 
CMOS 
ICs. They 
should 
also 
carry 
warning 
labels 
and 
be 
packed 
in conductive 
or anti- 


static 
packing. 


(1) Earthi ng rai I 


(2) Resistor 
(500 
kQ ± 10%, 


0,5 W) 


131 Ionizer 


141 Work 
bench 


15) Chair 
(6) Wrist strap 


(7) Electrical 
equipment 


181 Conductive 
surface/ 


antistatic 
sheet 
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POWER SUPPLY 


DECOUPLING 


Spikes 
due 
to 
output 
current 
switching 
and 
the 
charging 


and 
discharging 
of 
parasitic 
capacitance, 
are the 
two 
main 


sources 
of noise 
on the 
power 
lines of HCMOS 
logic systems. 


To 
minimize 
noise, 
the 
power 
supply 
should 
be decoupled. 


However, 
if switching 
speed 
is high, 
not 
only 
the 
voltage 


dips 
on 
the 
power 
lines 
must 
be considered 
but 
also 
the 


effects 
of 
di/dt 
radiation. 
Decoupling 
requirements 
are 
a 


balance 
between 
the 
precautions 
necessary 
to 
reduce 
the 


effects 
of these 
two 
phenomena. 


The 
first 
requirement 
for 
minimizing 
noise 
is a well 


designed 
power 
distribution 
network. 
'For 
instance, 
it 
is 


essential 
to have 
a good 
ground 
(GND) 
connection 
pattern 


on a pcb. 
Even 
the 
commonly 
used 
GND 
pattern 
shown 
in 


Fig.l 
can 
cause 
problems. 
In 
Fig. 1, an 
output 
from 
IC1 


drives 
an 
input 
of 
IC2, 
and 
an output 
from 
IC3 drives 
an 


input 
of 
IC4. Since 
the 
signal 
paths 
between 
IC1 and 
IC2, 


and 
between 
IC3 and 
IC4 are not 
coupled, 
there 
should 
be 


no crosstalk 
between 
them. 
However, 
IC1 and 
IC3 share 
the 


hatched 
section 
of the GND comb, 
and, 
when 
the output 
of 
IC1 switches, 
a spike 
could 
be generated 
on the GND of IC3. 


This 
could 
be 
transmitted 
to 
IC4 
via 
the 
IC3-IC4 
signal 


connection 
causing 
the output 
of IC4 to switch 
erroneously. 


If a double-sided 
board 
is used, 
it is therefore 
advisable 
to 


reduce 
the 
length 
of individual 
sections 
of the 
GND 
comb 


by installing 
links on the opposite 
side of the 
board 
as shown 


in 
Fig.2. 
This 
is especially 
important 
for 
boards 
on which 


high level currents 
are switched. 


It is bad 
practice 
to use jumpers 
to connect 
GND/VCC 
pins 
of ICs to pcb tracks 
(Fig.3). 
Jumpers 
are unlikely 
to be 


used 
on production 
boards, 
but 
they 
should 
not 
be used 
on 


prototype 
or one·off 
boards 
either 
because 
the 
inductance 


they 
introduce 
into 
the 
lines 
causes 
coupling 
between 


outputs. 
Printed 
connections 
should 
therefore 
be 
used 
to 


interconnect 
power 
tracks 
and 
IC pins. 
An 
even 
better 


solution 
is 
to 
use 
multi-layer 
boards 
so 
that 
individual 


layers 
can 
be used 
as a VCC plane 
and 
a ground 
plane. 
The 


power 
supply 
can 
then 
be 
connected 
directly 
to 
the 
IC 


supply 
pins. 
Also, 
the 
inherent 
capacitance 
between 
the 


VCC plane 
and 
the 
groundplane 
will 
reduce 
the 
amplitude 
of any high frequency 
noise 
on the power 
supply. 


This 
inherent 
capacitance 
has 
the 
distinct 
advantage 
of 


being 
free 
from 
the 
inductance 
associated 
with 
discrete 


decoupling 
capacitors. 
A 
less 
expensive 
alternative 
to 
a 


multi·layer 
board 
is a multi-wire 
board 
which 
offers 
the 


same 
high 
frequency 
noise 
characteristics. 
With 
double· 


sided 
boards, 
it is not 
possible 
to dedicate 
a layer 
to a VCC 
plane 
and 
a groundplane. 
Nevertheless, 
if at 
all possible, 


it is still best to have the VCC and ground 
tracks 
on opposite 


sides of the board. 


Connectors 
on any 
type 
of pcb should 
each 
have at least 


five 
ground 
pins 
to 
obtain 
good 
distribution 
of 
ground 


current. 


The 
precautions 
outlined 
for 
ground 
tracks 
on the 
pcb 


are equally 
applicable 
to the 
power 
(VCC) lines. 


POWER SUPPLY 


DECOUPLING l 
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The 
wide 
HCMOS 
power 
supply 
range 
of 2 V to 6 V may 


suggest 
that 
voltage 
regulation 
is not 
necessary, 
but 
it must 


be 
remembered 
that 
supply 
voltage 
level 
variations 
will 


influence 
switching 
speed, 
noise 
immunity 
and 
power 


consumption. 
Supply 
voltage 
differences 
between 
ICs must 


also 
be 
avoided 
because 
a difference 
of 
as little 
as 0,5 V 


between 
power 
lines 
can cause 
unwanted 
effects. 
To isolate 


noise 
Sources 
and 
avoid 
the 
use of a large voltage 
stabilizer 


with 
its heavy 
gauge 
(low impedance) 
wiring 
to each 
board, 


it 
is better 
to 
have 
a separate 
stabilizer 
for 
each 
board. 
However. 
care must 
be taken 
because 
a fault on a stabilizer 


for 
one 
board 
may 
be transmitted 
via 
the 
HCMOS 
input 


structure 
to other 
boards, 
possibly 
causing 
damage. 


No matter 
how good 
the VCC and GND connections 
are, 


all 
line 
inductance 
cannot 
be 
eliminated. 
This 
is where 
decoupling 
plays 
its part. 


Ceramic 
capacitors 
are best 
for 
decoupling 
because 
they 


have 
very 
low 
series 
inductance. 
The 
advantage 
of using 


them 
will, 
however, 
be 
lost 
if they 
are connected 
too 
far 


from 
the 
IC. 
The 
inductance 
of 
the 
long 
tracks 
in con- 


junction 
with 
the capacitor 
will then 
form 
a very high-Q 
LC 


tuned-circuit, 
and 
the 
oscillations 
produced 
will 
have 
a 


worse 
effect 
than 
not 
having 
any 
decoupling 
at all. 
If it is 


impossible 
to 
make 
connections 
between 
decoupling 


capacitors 
and 
ICs 
shorter 
than 
20 mm, 
then 
use 
several 


tracks 
connected 
in parallel 
and 
separated 
by at least 
one 


track-width 
(Fig.4). 
Some 
ceramic 
capacitors 
have 
pre- 


formed 
leads 
as shown 
in Fig.5(a). 
These 
leads 
introduce 


unwanted 
inductance. 
It 
is better 
to 
use 
capacitors 
with 


straight 
leads mounted 
as shown 
in Fig.5(b). 


In 
general, 
the 
minimum 
requirements 
for 
good 
de- 


coupling 
are: 


• 
one 4 7p.F bulk 
capacitor 
per Eurocard 


• 
one 
lp.F 
tantalum 
capacitor 
per 10 packages 
of SSI logic 


• 
one 
22 nF 
ceramic 
capacitor 
for 
each 
octal 
IC and 
for 


each 
counter/shift 
register 
(MSI 
logic) 


• 
one 22 nF ceramic 
capacitor 
per 4 packages 
of SSI logic 


An 
example 
showing 
how 
to 
determine 
the 
value 
of 
de- 


coupling 
capacitor 
follows. 
Assume 
a buffer 
output 
sees a 


lOOn 
dynamic 
load 
and 
the 
output 
LOW-to-HIGH 
transi- 


tion 
is 5 V; 
the 
current 
demand 
is therefore 
50 mA 
per 


output. 
For 
an octal 
buffer, 
the 
current 
demand 
would 
be 


0,4 A for 6 ns. 


The instantaneous 
current 
in the capacitcr 
is: 


· t-Q 
1=-t-t 


Ct-V 


And 
i = t;t 
(from 
Q = CV) 


it-t 


Therefore, 
C = t- V 


For an octal 
buffer 
and a change 
in VCC of 0,4 V say, 


C = 0,4 A x 6 
X 10'9 ns 
= 6 nF. 
0,4 V 
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For 
LSTTL 
logic 
ICs operating 
below 
10 MHz, 
the 
most 
significant 
part 
of the total 
power 
dissipation 
is the quiescent 


power 
dissipation 
due 
to the 
many 
bipolar 
transistors 
that 


continuously 
conduct. 
With 
HCMOS 
logic 
ICs however, 
the 


converse 
is true because 
quiescent 
power 
dissipation 
is only 


due 
to 
leakage 
currents 
through 
reverse-biased 
junctions 


and 
is so low that 
it is practically 
negligible 
compared 
with 


the frequency-dependent 
dynamic 
power 
dissipation. 


Since 
the 
logic 
functions 
in most 
systems 
only 
change 


state 
during 
brief 
periods, 
the 
average 
system 
frequency 
is 


between 
one 
and 
two 
orders 
of magnitude 
lower 
than 
the 


system 
clock 
frequency 
and 
the 
ICs therefore 
only 
draw 


quiescent 
current 
for 
most 
of 
the 
time. 
This 
means 
that 


replacing 
LSTTL 
ICs with 
equivalent 
74HCT 
ICs, with 
their 


much 
lower 
quiescent 
power 
dissipation, 
results 
in a very 


significant 
reduction 
of 
overall 
system 
power 
dissipation 


without 
loss of operating 
speed. 


However, 
total 
system 
power 
dissipation, 
is the 
sum 
of 


both 
the quiescent 
and the dynamic 
power 
dissipation 
of all 


the 
ICs 
and 
must 
be 
determined 
and 
minimized 
during 
system 
design. 
For 
LSTTL, 
where 
the 
quiescent 
power 


dissipation 
is the 
most 
significant 
contributor 
to the 
total 


power 
dissipation, 
the 
total 
power 
dissipation 
can 
be 


simply 
derived 
from 
the 
product 
of VCC and 
ICC given 
in 


the 
data 
sheets. 
For 
HCMOS 
circuits 
however, 
the dynamic 


power 
dissipation 
which 
is the 
most 
significant 
part 
of the 
total 
power 
dissipation 
is influenced 
by 
circuit 
design_ 
It 


cannot 
be 
read 
direct 
from 
the 
data 
sheets 
but 
must 
be 


calculated 
from 
the 
supply 
voltage, 
average 
switching 
fre- 


quency, 
load 
capacitance, 
internal 
capacitances 
of the 
IC, 


and transient 
switching 
currents. 


This 
article 
explains 
how 
our 
method 
of 
specifying 


HCMOS 
ICs in the data 
sheets 
makes 
it very simple 
to calcu- 


late 
their 
quiescent, 
dynamic 
and 
total 
power 
dissipation. 


POWER 


DISSIPATION 


Quiescent 
power 
is 
dissipated 
by 
an 
IC when 
it 
is not 


switching 
and 
VI = VCC or GND. 
Figure 
1(a) will be used 
to 


illustrate 
this 
power 
dissipation 
in 
HCMOS 
ICs. 
In 
the 


quiescent 
state, 
either 
the 
PMOS 
or the 
NMOS 
transistor 
is 


fully 
off 
and, 
in theory, 
no direct 
MOS transistor 
channel 


path 
exists 
between 
VCC and 
GND. 
In practice 
however, 


thermally 
generated 
minority 
charge-carriers, 
which 
are 


present 
in all reverse-biased 
diode 
junctions, 
allow 
a very 


small 
leakage 
current 
to flow 
between 
VCC and GND. 
This 


quiescent 
supply 
current 
(ICe! 
is specified 
in the 
published 


data. 


Three 
factors 
influence 
the 
value 
of 
ICC, and 
therefore 


the quiescent 
power 
dissipation, 
for a particular 
IC. They 
are: 


Temperature: 
increasing 
temperature 
causes 
ICC to 
increase 
because 
the 
minority 
charge- 


carriers 
in 
the 
reverse-biased 
diode 


junctions 
are thermally 
generated. 


Device 
Complexity: 
MSI circuits 
dissipate 
more 
power 
than 


SSI 
circuits 
because 
they 
have 
a pro- 


portionally 
greater 
reverse-biased 
diode 


junction area. 


Supply 
voltage: 
the 
number 
of minority 
charge-carriers 


is linearly 
related 
to 
reverse 
junction 


voltage. 


Table 
1 shows 
the 
JEDEC 
industry 
standard 
for 
the worst- 


case 
ICC in HCMOS 
ICs. It shows 
the effect 
of temperature 


and 
circuit 
complexity 
on 
ICC 
at 
the 
maximum 
recom- 


mended 
supply 
voltage 
VCC. ICC can be linearly 
derated 
for 


other 
supply 
voltages 
and would 
be approximately 
one-third 


of the value in Table 
1 for a 74HC 
IC with 
VCC = 2 V. Typical 


ICC values 
are well 
below 
the 
maximum 
specified 
values. 


TABLE 
1 


JEDEC 
industry 
standard 
for d_c_ characteristics 
of HCMOS 
ICs 


DC characteristics 
for 74HC/HCT 


Tamb 
1°C) 


74HCIHCT 


ICC 
551 
2,0 
20,0 
40,0 
~A 
5,5 
VCC 
10 = ° 


ICC 
f1ip·flops 
4,0 
40,0 
80,0 
~A 
5,5 
or 
10 = ° 


; 
ICC 
M51 
8,0 
80,0 
160,0 
~A 
5,5 
GND 
10 = ° 


~VCC=6V. 


l 
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DISSIPATION 


; 
!VCC 


PMOS~{:r 


NMO~ 
5 
lGNO 
=+rL .. 


DI 


'"'"'~-~_'"""' 


•. 
NMOS 
02 


GND 


Another 
factor 
which 
influences 
quiescent 
power 
dissi· 
pation 
is the 
steady·state 
input 
voltage 
level 
which 
may 


slightly 
turn-on 
one 
of 
the 
input 
transistors 
shown 
in 


Fig.l (a) and 
yet 
not 
fully 
turn·off 
the 
other. 
This 
causes 
a 


small 
additional 
quiescent 
supply 
current 
(,c,lccl 
to 
flow 


between 
VCC and 
GND. 
The 
level of C>ICC depends 
on the 
size 
of the 
input 
transistors 
and is different 
for each 
device. 


In a system 
consisting 
entirely 
of 74HC 
ICs, the additional 


quiescent 
supply 
current 
~ICC 
is so small 
that 
it can 
be 
omitted 
from 
practical 
power 
dissipation 
calculations. 
This 


is because 
74HC 
outputs 
swing 
from 
GND 
to 
VCC. 
The 


worst-case 
output 
levels 
with 1101 = 20f.lA 
are VOL =0,1 
V 
max. 
and 
VOH = VCC - 0,1 V min., 
very 
close 
to GND and 


VCC respectively. 
Figure 
2(a) 
shows 
that 
C>ICC is negligible 


when 
these 
levels 
are applied 
to 74HC 
inputs 
because 
they 


always 
turn 
one of the 
input 
transistors 
fully 
off. 


However, 
if 
74HC 
input 
levels 
are 
held 
close 
to 
the 


switching 
threshold 
(typically 
VCC/2l. 
Fig.2 shows 
that 
the 
additional 
quiescent 
supply 
current 
(,c,ccl 
becomes 
much 


greater 
than 
quiescent 
supply 
current 
ICC. 
This 
occurs 
if 


the 
mistake 
is made 
of driving 
a 74HC 
input 
from 
a TTL 


output. 
With a minimum 
TTL 
VOH of 2,4 V driving 
a 74HC 


input, 
not 
only 
will a logic "1" 
probably 
not 
be recognized, 


but 
several 
milliamps 
of (,c,CC) will 
flow. 
To overcome 
this 


problem, 
an 
external 
pull·up 
resistor 
could 
be 
used 
as 


shown 
in Fig.3 
but 
the 
resistor 
would 
dissipate 
significant 


power 
because 
its value 
would 
have to be low to maintain 


switching 
speed_ 
74HCT 
ICs 
have 
TTL 
input 
switching 


levels 
and 
should 
therefore 
be 
used 
instead 
of 
74HC 
ICs 


whenever 
it 
is necessary 
to 
interface 
HCMOS 
with 
TTL 


logic_ 


Unlike 
74HC 
ICs, 
74HCT 
ICs can 
be 
substituted 
for 


LSTTL 
ICs and/or 
mixed 
with 
LSTTL, 
ALSTTL, 
ASTTL 


or 
FAST-TTL 
family 
ICs in the 
same 
system. 
Under 
some 


conditions, 
they 
may 
dissipate 
somewhat 
more 
quiescent 


power 
than 
74HC 
ICs_ For 
example, 
Fig.2(b) 
shows 
that 
a 
worst-case 
TTL 
VOL of 0,5 V max. 
is close enough 
to GND 
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Fig.2 
Supply current as a function of input voltage at 
Vcc 
= 5 v. (0174HC; (bl 74HCT 
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to 
turn 
the 
input 
NMOS 
transistor 
fully 
off 
so that 
~ICC 


is close 
to zero. 
However, 
a worst-case 
TTL 
VOH of 2,4 V 


min. 
causes 
some 
~ICC 
to 
flow. 
For 
this 
reason, 
74HCT 


data 
sheets 
specify 
ICC at the 
worst-case 
input 
voltage 
of 


VCC - 2,1 V for 
VCC 
ranging 
from 
4,5 V to 
5,5 V. 
It is 


further 
specified 
on 
a per 
input 
pin 
basis 
to 
allow 
more 


accurate 
power 
dissipation 
calculations 
if all the 
functions 


within 
an 
IC 
are 
not 
being 
used, 
or 
are 
being 
driven 
by 


different 
input 
voltage 
levels. 


VCCI 
REDUCES SPEED. 


INCREASES 


/:OWER 
DISSIPATION 


-{>o-L[>o- 


Our 
proprietary 
74HCT 
input 
structure 
shown 
in Fig.l (c) 


considerably 
reduces 
the 
additional 
quiescent 
supply 
current 
...'iICC. The 
structure 
is identical 
to that 
for 
74HC 


circuits 
except 
for 
a level-shifting 
diode 
between 
the 
PMOS 


transistor 
and 
VCC, 
and 
the 
connection 
of the substrate 
of 


the 
CMOS 
transistor 
to 
VCC. 
The 
effect 
is to 
reduce 
the 


input 
level 
switching 
threshold 
to 
28%VCC 
instead 
of 


50%VCC 
as 
is 
the 
case 
with 
74HC 
ICs. 
This 
therefore 


reduces 
the 
additional 
quiescent 
current 
C>.ICCwhen 
a TTL 


minimum 
HIGH 
level of 2,4 V is aoplied 
to a 74HCT 
input 


by 
ensuring 
that 
the 
PMOS 
transistor 
is fully 
turned 
off. 


Figure 
2(b) 
shows 
that 
C>.ICC is negligible 
when 
a 74HCT 


input 
is held 
at a typical 
TTL 
HIGH output 
level (3,4 Vj or 
LOW output 
level (0,25 
V). 


Calculating 74HC quiescent power dissipation 


For 
power·critical 
applications 
such 
as 
battery-powered 


equipment, 
it may 
be necessary 
to calculate 
74HC 
quiescent 


power 
dissipation 
as a standby 
value 
of battery 
drain. 
It is 
given 
by: 


VCC 
is dependent 
upon 
the 
particular 
application, 
we re- 


commend 
that 
a ±10% 
variation 
be allowed. 
ICC at VCCmax 


is obtained 
from 
the 
data 
sheet 
for the 
particular 
IC. For 


critical 
battery-powered 
applications, 
the 
value 
of 
ICC can 


be 
linearly 
derated 
for 
any 
desirecl 
VCC: 
for 
example, 
at 


VCC = 2 V, use one-third 
of the 
limits 
shown 
in Table 
1: for 
74HC 
ICs. 
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Calculating 74HCT 
quiescent power dissipation 


Assume 
that 
an 
LSTTL 
IC with 
an output 
duty 
factor 
of 


0,5 is switching 
one gate input 
in a 74HCTll 
(triple 
3-input 


AND 
gate) 
with 
a 5 V supply 
and 
an ambient 
temperature 


of 25°C. 
Quiescent 
power 
dissipation 
is calculated 
from: 


where 
Ii = switching 
duty 
factor. 


C>.ICCmax is calculated 
on a unit-load 
basis from 
the 
part 


of the data 
sheet 
reproduced 
in Table 
2: 


LlICCmax= 
360JJA 
per 
input 
pin x 1 pin x 0,5 unit-load 
coefficient 
= 180 JJA. 


Inserting 
this 
current 
and 
the 
values 
for 
VCC 
(5,5 V), 


ICC = 2JJA 
from 
Table 
2, 
and 
Ii (0,5) 
into 
equation 
(2) 


gives: 


This 
is only 
2% of the 
25,5 mW maximum 
quiescent 
power 


that 
would 
be 
dissipated 
by 
the 
equivalent 
LSTTL 
IC. 


Furthermore, 
as previously 
stated, 
the 
!lICC 
of 360 JJA per 
input 
pin 
quoted 
in Table 
2 for 
the 
74HCT11 
IC is based 


on 
a worst-case 
HIGH 
input 
level 
of 
VCC - 2,1 V. 
In 
a 
typical 
application, 
the 
TTL 
HIGH 
input 
level driving 
the 


IC would 
be much 
higher 
than 
this, 
resulting 
in a reduction 


of l'dCC 
by an order 
of magnitude. 


If all the 
inputs 
of a 74HCT 
IC are driven 
by 74HC 
or 


equivalent 
CMOS 
outputs, 
the input 
levels are such 
that 
the 


additional 
quiescent 
supply 
current 
C>.ICC is so small 
that 


it can 
be omitted 
from 
74HCT 
power 
dissipation 
calcula- 


tions. 
74HC 
quiescent 
power 
dissipation 
equation 
(1) can 


then 
be used to calculate 
74HCT 
quiescent 
power 
dissipation. 


Unlike 
quiescent 
power 
dissipation, 
dynamic 
power 
dissipa- 


tion 
is calculated 
in the 
same 
manner 
for both 
74HC 
and 


74HCT 
ICs. 
All 
equations 
presented 
here 
for 
dynamic 


power 
dissipation 
are 
therefore 
applicable 
to 
both 
74HC 


and 74HCT 
ICs. 


Three 
factors 
influence 
the 
dynamic 
power 
dissipation 


of HCMOS 
ICs. They 
are load 
capacitance, 
internal 
capaci- 


tance 
and 
switching 
transient 
currents 
(through-currents 
of 
transistor 
pairs when both transistors 
momentarily 
conduct 


during 
logic level transitions). 
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TABLE 
2 


Specification 
of ICC, ~ICC 
and unit 
load coefficient 
for 74HCT11 
triple 
3-input 
AND gate 


Tamb 
(oC) 
test conditions 


Vcc 
40,0 
~A 
5,5 
or 
10: 
0 


GND 


4.5 
VCC 


other inputs at 


490 
~A 
to 
VCC or GND: 


5,5 
-2,1 
V 
10 = 0 


additional 
quiescent supply 
current per input pin for 
unit load coefficient 
is 1 
(note 1) 


Note: 


,. 
The value of additional Quiescent supply current {6JCCI 
for a unit load of 1 is given here. 
To determine ...lIce per input. multiply 
this value by the unit load coefficient shown in table below. 


Load capacitance 


The 
first 
contribution 
to 
dynamic 
power 
dissipation 
is 


caused 
by 
the 
charging 
and 
discharging 
of external 
capaci- 


tive 
loads. 
Figure 
4 
illustrates 
an 
HCMOS 
inverter 
with 
a 


capacitive 
load 
and. 
together 
with 
the 
following 
equations, 


will 
help 
to 
illustrate 
how 
load 
capacitance 
consumes 


power. 
The 
energy 
dissipated 
(joules) 
in 
charging 
and 


discharging 
the capacitive 
load is: 


where 
t = llfo 
and C L = total 
external 
load capacitance 
due 


to 
interconnections, 
driven 
inputs 
and 
any 
sockets 
that 


are used. 
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The 
dynamic 
power 
dissipation 
due to capacitive 
loads 
is 
therefore: 


Equation 
(4) is only applicable 
if all the outputs 
are switching 


the same 
load. 
If they 
are not, 
the equation 
becomes: 


For 
multiple 
output 
ICs, 
it 
is important 
to calculate 
with 


the 
appropriate 
output 
frequency. 
For 
example, 
at either 


output 
from 
a flip-flop, 
fo = fi/2; 
for a 7-stage 
binary 
ripple 


counter 
(type 
74HC/HCT40241. 
fo 
is 
halved 
for 
each 


successive 
output 
stage 
so 
that 
fo = fi/64 
for 
the 
final 


output 
stage. 


Internal capacitance 


All MOS logic 
ICs have internal 
parasitic 
capacitance 
caused 


by diode 
junctions, 
MOS transistor 
structures, 
and 
the 
alu- 


minium 
and 
polysilicon 
interconnections. 
It has 
the 
same 


effect 
as 
external 
capacitive 
loads, 
and 
its 
magnitude 


depends 
on the complexity 
of the circuit. 


HCMOS 
ICs are 
manufactured 
with 
a self-aligned 
poly- 


silicon 
gate 
process 
(311m 
gate 
length) 
and 
local 
oxidation 


to reduce 
internal 
capacitance 
by minimising 
gate-to-source 
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and 
gate-to-drain 
capacitances. 
The 
junction 
capacitances, 


which 
are 
proportional 
to 
junction 
area, 
are 
smaller 
than 


those 
in 
H E4000B 
CMOS 
ICs because 
the 
diffusions 
are 


shallower. 
Figure 
5 shows 
the 
10Gation 
of the 
capacitances 


in a 74HC 
inverter. 


For 
power 
dissipation 
calculation 
purposes, 
the 
total 


load 
caused 
by 
internal 
capacitances 
and 
by 
switching 


transient 
currents 
is defined 
as a single 
effective 
internal 


no-load 
power 
dissipation 
capacitance 
CPO. 
It is defined 
in 


the 
data 
sheet 
for each 
HCMOS 
IC on a 'per 
function' 
basis 


and, 
where 
appropriate, 
it is also 
separately 
specified 
for 


each 
different 
logic 
function 
(e.g. gate 
or flip-flop) 
within 


an 
IC. This 
allows 
more 
accurate 
power 
dissipation 
calcula- 


tions 
to 
be made 
if logic 
functions 
within 
the 
same 
Ie are 


operating 
at different 
frequencies_ 


The 
published 
figure 
for 
CPO 
is valid 
for the worst-case 


operating 
mode 
under 
typical 
operating 
conditions. 
For 


example, 
in 
the 
case 
of 
a 
NAND 
gate, 
the 
state 
of the 


inputs 
is assumed 
to 
be such 
that 
the 
output 
is changing 


state; 
for 
a shift 
register 
or Ootype 
flip-flop, 
it is assumed 


that 
alternately 
HIGH/lOW 
data 
is being 
clocked 
in. The 


specified 
value 
for 
CPO 
however 
is a typical 
one; 
never- 


theless, 
some 
protection 
will already 
be built-in 
to dynamic 


power 
dissipation 
calculations 
because 
the 
assumed 
worst- 


case 
operating 
modes 
don't 
always 
occur. 
Although 
we're 


not 
yet 
prepared 
to officially 
publish 
a maximum 
value for 


CPO, 
a rough 
guide 
would 
be 
to 
increase 
the 
published 


figure 
by 
50% 
for 
worst-case 
calculations. 
The 
method 
of 


measuring 
CPO is explained 
in the chapter 
"User 
Guide". 


Switching transient currents 


The 
final 
factor 
that 
contributes 
to 
the 
dynamic 
power 


dissipation 
of 
HCMOS 
is 
internal 
switching 
transient 


currents. 
When 
the 
output 
of 
a basic 
HCMOS 
inverter 
as 


shown 
in Fig.6(a) 
changes 
state, 
either 
from 
a logic "1" to 


a logic 
"0" 
or 
vice-versa, 
there 
is a brief 
period 
during 


which 
both 
transistors 
conduct. 
This creates 
a temporary 


low-resistance 
path 
between 
VCC 
and 
GNO 
as shown 
in 
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Fig.6(b). 
In this 
transistory 
state, 
additional 
supply 
current 


(~Iccl 
flows 
and 
power 
is dissipated, 
so input 
rise 
and 


fall 
times 
should 
be 
kept 
short. 
The 
average 
value 
of this 


transient 
current 
increases 
linearly 
with 
increasing 
switching 


frequency. 
In 
other 
words, 
power 
dissipation 
due 
to 


switching 
(like power 
dissipation 
due to internal 
capacitance) 


increases 
linearly 
with 
increasing 
switching 
frequency. 
How- 


ever, since 
it is small compared 
to the power 
dissipation 
due 


to internal 
capacitance, 
its effect 
is included 
in the published 


value 
of 
power 
dissipation 
capacitance 
(CPO) 
which 
has 


discussed 
under 
the previous 
heading. 
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Fig.6 
When 
an HCMOS 
inverter 
changes state, 
both 
input 


transistors momentarily 
conduct: 
(a) inverter input structure; 


(b) equivalent 
circuit 
when 
the 
input 
level is between 
logic 


levels 


Total dynamic power dissipation 


Since 
CPO 
represents 
the 
load 
imposed 
by 
both 
internal 


capacitance 
and 
switching 
transient 
currents, 
the 
total 
dynamic 
power 
dissipation 
due to these 
factors 
is: 


The 
total 
dynamic 
power 
dissipation 
of 
HCMOS 
ICs 
is 


obtained 
by 
adding 
equation 
(6) to the 
power 
dissipation 


due 
to the 
total 
external 
capacitive 
load (equation 
5) and 
is 
given by: 


CALCULATING 
TOTAL 
POWER 
DISSIPATION 
FOR 74HC AND 74HCT 
ICs 


Total 
HCMOS 
power 
dissipation 
is a summation 
of 
the 


appropriate 
quiescent 
and 
dynamic 
power 
dissipation 
formulae 
previously 
described. 


For 74HC/HCT 
ICs driven 
by CMOS levels: 


Ptot 
= VCCICC 
+ CpO VCCfi + L (Cl VCCfo) 
(8) 


For 74HCT 
ICs driven 
by TTl: 


Ptot 
= VCC(lCC 
+ 8~ICcl 
+ CPOVCCfi 
+ L (Cl VCCfo) 
(9) 
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POWER 
DISSIPATION 
IN OSCILLATORS 
AND 
ONE-SHOTS 


The 
information 
presented 
so 
far 
is only 
valid 
for 
ICs 


switching 
rapidly 
between 
logic levels. 
Additional 
quiescent 


supply 
current 
-,ICC 
is greater 
for one-shots, 
oscillators 
and 


gates 
arranged 
as oscillators 
because, 
in these 
applications, 


the 
input 
slowly 
passes 
through 
the 
switching 
threshold 


(typically 
50%VCC 
for 
74HC 
ICs and 
28%VCC 
for 
74HCT 


ICsl causing 
flow-through 
current 
as shown 
in Fig.2. 


POWER DISSIPATION 
COMPARISON 
BETWEEN 
HCMOS, 
LSTTL 
AND 
ALSTTL 


In 
any 
IC, 
there 
is a balance 
between 
speed 
and 
power 


dissioation. 
LSTTL 
logic 
is relatively 
fast but 
the quiescent 


power 
dissipated 
by 
its 
bipolar 
circuitry 
is considerable. 


ALSTTL 
improves 
upon 
LSTTL 
by 
using 
advanced 
wafer 


fabrication 
techniques 
and 
smaller 
geometries. 
These 


improvements 
increase 
speed 
and 
approximately 
halve 
the 
quiescent power dissipation. 


CMOS 
ICs dissipate 
negligible 
quiescent 
power 
compared 


with 
all bipolar 
TTL 
logic 
ICs but, 
until 
the development 
of 


the 
HCMOS 
family, 
CMOS 
ICs were 
relatively 
slow. 
Use of 
advanced 
wafer 
fabrication 
techniques 
and 
smaller 
geo- 


metries 
has now 
made 
it possible 
for HCMOS 
to match 
the 


speed 
of 
LSTTL 
and 
yet 
retain 
the 
substantial 
power 


savings 
afforded 
by CMOS. 
Figure 
7 shows 
the speed-power 


products 
for today's 
most 
popular 
logic 
IC technologies. 


Figures 
8 and 
9 compare 
the 
dynamic 
power 
dissipation 


of 
SSI 
and 
MSI 
for 
74HC, 
and 
LSTTL 
ICs. These 
graphs 


show 
that 
74HC 
ICs 
maintain 
their 
power 
dissipation 


advantages 
for 
switching 
frequencies 
up 
to 
several 
MHz. 


This 
is because 
power 
is only 
dissipated 
during 
switching. 


The 
constant, 
frequency-independent 
power 
dissipation 


exhibited 
by 
LSTTL 
ICs 
is caused 
by 
the 
many 
bipolar 


transistors 
that 
continuously 
conduct. 


Figures 
8 
and 
9 
also 
show 
that, 
as device 
complexity 


increases, 
the 
frequency 
at which 
HCMOS 
ICs dissipate 
the 


same 
amount 
of power 
as LSTTL 
ICs also increases. 
This 
is 


because, 
as 
LSTTL 
complexity 
increases, 
there 
are 
more 


resistive 
paths 
between 
VCC 
and 
GND 
which 
carry 
more 


quiescent 
bias current 
and thus cause more quiescent 
power 


dissipation. 
HCMOS 
ICs 
also 
dissipate 
more 
quiescent 


power 
as their 
complexity 
increases, 
but the leakage 
currents 


which 
cause 
it are so small 
that 
it can be ignored. 


The 
power 
dissipation 
of the different 
logic 
IC technolo- 
gies 
is translated 
into 
total 
system 
power 
as a function 
of 


frequency 
in Fig.10 
which 
is for 
a small 
system 
consisting 


of 
one 
gate 
and 
two 
flip-flops. 
The 
graph 
shows 
that 


HCMOS 
also dissipates 
substantially 
less power 
than 
LSTTL 


at the system 
level. 
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The significantly 
lower power dissipation in an HCMOS logic 
system, compared with 
its LSTTL or ALSTTL 
equivalent, 


is the primary 
reason why HCMOS ICs should be used for 
new system designs and to replace LSTTL or ALSTTL 
ICs 


in many existing designs where power consumption and/or 


dissipation is a problem. 
For new designs, HCMOS is the only suitable family of 
logic ICs for battery-powered 
portable personal computers. 


The use of 
HCMOS is the major trend 
in personal com- 


puters using all CMOS microprocessors, RAMs, ROMs, and 
peripherals. All CMOS designs can be powered-down to 2 V 


standby to extend battery life. 
For 
non-portable 
equipment, 
the use of HCMOS logic 
and CMOS LSI is also preferred because it not only reduces 
power dissipation, but also signific3ntly 
reduces, in order of 
priority, 
cost, size, and weight. Cost reductions stem from 


major 
reductions 
of power supply current and regulation, 
cooling fans, heatsinks, and copper buses. 


An equally powerful 
motivating 
force for using HCMOS 


logic ICs with 
their lower power dissipation is the inherent 


and proven increaseof component and equipment reliability. 
Equipment life is considerably extended becauseIC junction 
temperatures 
are much reduced and other components are 
exposed to lower ambient temperatures. 


POWER 


DISSIPATION 


Outline drawings 


Soldering 


page 


1417 


1429 


J 
Package ou tlioes 


------------------------------------------ 


E 


-\ 


.255 
(6.",8) 


.245 (6.22) 


.100(2'54IB]~ 


.757 (19..23) 


.746 
<18.95) 
~ 
.045 (1.14) 


rrr- 


~ PLANE 
JL022 
1561 
.017 (.43) 


853-0405 
81231 


I 
i 
.138 (3.51) 


.120 (3.05) 


-liITIE 100>1.010 
(.25) @I 


NOTES: 
1. Controlling 
dimension: 
inches. 
Metric 
are shown 
in 
parentheses. 
2. Package 
dimensions 
conform 
to JEDEC 
specification 
MS·OO1·AC lor standard 
dual in-line 
(DIP) package 
.300 
inch row spacing 
(PLASTIC) 
14 leads 
(issue 
B. 7/85) 
3. Dimensions 
and toleranclng 
per ANSI 
Y14. SM·1962. 
4. "T", 
"0" 
and "E" 
are reference datums on the molded 
body and do not include 
mold flash or prOtruSIOnS. Mold 
flash Of protruSIOns 
shall not exceed .010 Inch (.25mm) 
on any Side. 


5. These 
dimenSions 
measured 
with the leads 
constramed 


to be perpendicular 
to plane 
T. 


6. Pin numbers stan with pin :; 1 and continue 
counterclockwise 
to pin :;; 14 when viewed from the top. 


BSC 


.300 
(7.62) 
(NOTE 5) 
.395 (10.03) 


.300 
( 7.62) 


Package outlines l 
_ 


Err-- 


~ PLANE 


.255 
(6.48) 


245 (6.221 
__ 
I 


NOTES: 
1. Controlling 
dimenSIon: Inches. Metne are shown 
In 
parentheses. 
2. Package 
dimenSions 
conform 
to JEDEC 
specificatIon 
MS-001-AA 
for 
standard 
dual in-hne (DIP) package 
.300 


Inch row spacmg 
(PLASTIC) 
16 leads 
(issue 8. 
7/85) 
3. DimenSIOns 
and 
loleranclng 
per ANSI 
Y14, 
5M·1982. 
4. 'T', 
"0" 
and "e" 
are relerence datums on the molded 
body and do not mclude mold Ilash or protruSions. 
Mold 


t1ash or protrusions 
shall not exceed 
,010 Inch (.25mm) 


on any SIde. 


5. These 
dImenSIons 
measured 
With the 
leads 
constramed 
to be perpendicular 
to plane 
T. 


6. Pin numbers 
start 
With 
pm ::: 1 and continue 
counterclockwise 
to pin .:;:16 when "iewed 
Irom 
the top. 


CORNEA 
LEAD 


OPTION 


(4 
PLACES) 


.322 (8.18) 
r .300 (7.62) J. 
I 
(NOTE 5) 


I 


asc 
:'j\ 


.300 (7.62) 


.3(~~J1~.~~) 
--, 


.300 ( 7.62) 


.138 (3.51) 


.120 
(3.05) 


-1ilTIElO<sJ 
.010 (.25) @ I 
~:::J::: ~J 


015 
(.38) 


010 (251 


J 
Package outlines 
-----------------_._---------------------- 


~ 
255 
(6.481 


245 
(6.22j 
---l 


I 
-J 
-.100 
(2.54) SSC 


l,CS" 
(26.85) 
-- ~--- 
1.G45 (26.54) 
1l--~('63) 
W~,:~ 
m--- 
'35 (143) 
I SEATING 
I 
I 
~ 
-t 
JL~~~ 
::: 
-liTIE!i® 
0'0 (25) @! 
:~~ ::~~: 


NOTES: 
1. Controlling 
dimenSIon: 
Inches. 
Metric 
are shown 
In 


parentheses. 
2. PaCkage 
dimenSions 
conform 
to JEDEC 
speCification 


MS·001-AE 
for standard 
dual in-line 
(DIP) package 
.300 
inCh row spacing 
(PLASTIC) 
20 leads 
lisSUQ 8. 
7/85) 


3. DimenSions 
and 
IOlerancing 
per ANSI 
V14. 
SM·19€2. 


4 
"T". 
"0" 
and' e" are reference 
datums 
0,' the 
molded 


body 
and do not include 
mold 
flash 
or prot:u5Ic,ns. 
Mold 


flash 
or protrusions 
shall not exceed 
.010 
Inch (.25mm) 


on an, SIde. 
5. These 
dimenSions 
measured 
WIth the leads 
constramed 


to be perpendicular to plane T 
6 
Pin numbers 
start 
with pin = 1 and continue 


counterclockwIse 
to pin =20 when 
viewed 
Ir('lm the 
lOp. 


322 (S.1S) 
r 


.300 (7.62)l 


(NOTE 5) 


I 


.125 b.1S) 
I 
I 
.115 (2.92) 
::::1 
asc 


~ 


.300 (7.62) 


015 (.38) 
I 
(NOTE ":) 
--- 
'-- 
395 \10.03) 
010 (.25) 
. 
3?C ( 7.62) 


Package outlines l 
_ 


@POCS).OQAf.t 
OJ ~----I 


I 
AAAAAAA 
(jl,I 


I 


.~ 5 5 ( I 4 I 0) 
54 5 ( ! 3.8 <l.) 


CONTROLLING 
DIMENSION: 
INCHES. 
METRIC 
ARE 
SHOWN 
IN 
PARENTHESES. 


PACKAGE 
DIMENSIONS 
CONFORM 
TO 
JEDEC 
SPECIFICATION 
MS-OII-AA 
~OR 
STANDARQ 
DUAL 
IN-LINE(QIPI 
PACKAGE 
.600 
I NCH 
ROW 
SPAC 
I NG 


(PLASTIC) 
24 
LEADS 
tiSSUE 
B.7/85) 


DIMENSION 
AND 
TOlERANCING 
PER 
ANSI 
Y14.5M41982 
~I;u~~·b~N9HEE~oc~~DReb5~E~~~ 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS. 
MOLD 
FLASH 
OR 
PRO- 
TRUSIONS 
SHALL 
NOT 
EXCEED.oro 


INCHl25MMJON 
ANY 
SIDE. 


THE~E 
DIMENSIONS 
MEASURED 
WITH 
THE 
LEADS 
CONSTRAINED 
TO 
BE 


PERPENDICULAR 
TO 
PLANE 
T. 


PIN 
NUMBERS 
START 
WITH 
PIN#1 
AND 
CONTINUE 
COUNTERCLOCKWISE 
TO 
PIN_24 
WHEN 
VIEWED 
FRO~ 
THE 
TOP, 


<--I 
~Jy 


I 
!--!--IOOI2.S4IBSC 


EQ::--~------ 
::~:g~~f:~g~------- 


~ 
r-.S~f(:.Y~l 
r--:~Ball~~~J=J 
I 
I 
(NOTE 
5J 


"-'-=-_. 
tnru-V 


--;rn:pJ1Jl-l-. 
-H-lJlTIrij--~~n: 
m~:11 
__ 
··-__: _). 


~ 
-~ 
~ V ~ ~ ~ ~ 
U ~ ~ 
~ 
~~ 
I 
BHi!'H1 
t~: 


'Ii 
~ 
. 
~~.6001IS.2"BSC-_11 
.1 .:::;'J ( .:l.U :> ) 
III 
( NOT 
E 
5) 


-- 
--:g ~~;.~~:~ci+i~T 
=, E~'O=(s=)=.O~I=O~I=.2=S~I~(I,l~O! 
:g:a ~:~~:---t 
r-- 
.'~~~~: ~~~~ 


J 
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--------------------------------- 


I 
0.76 
3.94 


0.51 
3.58 4.70 


~ 
I 
m~xl 
I 
I 


I 
0.38 
II 
1"' 
025 
~" 
III 
. 
I 


, ~ 
, 


I'I-~ 
fr 


__ 
10.03 
7.62 


$ 
Positional 
accuracy. 


@ 
~aximum 
Matenal Condition. 


Package outlines l 
_ 


NOTES: 
I 
Controlling 
dimenSion" Inches 
Metne are shown 
In 
parentheses 
2 
Package dimenSions conform 
to JEDEC 
speclficallOn 
MS·Ol1-AB 
for standard dual moline (DIP) package 
600 


Inch row spacing (PLASTIC) 
28 leads {issue 
8 
7/85) 
3. DimenSIons 
and 
lolerancmg 
per ANSI 
V14. 
5M·1982 
4 
'Too, 
'0" 
and "E" 
are reference datums on Ihe molded 


body and do not Include mold !lash or protrUSions. Mold 
flash or protrUSions shall nOI exceed 
.010 Inch (25mml 
on any side. 


S These OlmenSlons measured with the leads constrained 
10 be perpendicular 
to plane T 
6. Pin numbers start With 
pm = 1 and continue 
counterclockwIse 
to pin =28 
when viewed from the top. 


i 


1 
560 
(14 221 


~ 
-~~ 


I 
, 
i 
, 
'---,- 


~ 
"1'11'1['1 iv 
V =:Jl! , 'V" 
~i 
i 
- 


I ~ 
100 (254j sse 


I 
' 460 
(37081 


~, 
1.415(35941 


_06411631 
620(1575) 
II 
045 (1.141 
155 (3.941 
r---- 
600 (15.24)-----' 


\ '5(3 
681 
I 
{NOTE 
5) 
I 


IJrr·:-, 
---------~t 
II 
: I 
u 
,I 


~D(1J)11VVyV~liyfrl::r:: ,.,I"", f 
i~\ 


II 
138 ;3,511 
020 (51) 
t I- 600 (15.24\ 6SC~ 
I 
i 
022 
(56) 
120 (3051 
Cl.5 t:3el 
~~~~~/~51 
I 


---H'-017I:431 
f!fT1EIOls)10101.251 tb'l 
CIOI~~J-- __ 
---OOO(l5,2'1--- 


December 19901 ( 


J 
Package outlines 


------------------------------------------ 


~:~'" 
+ ES2,<'OI~ 


I· ~~8~~G~p~~~~~~lY~aNcB~~8~~-IS 
FOR 
STANDARD 
SMALL 
OUTLINE 
(501 


PACKAGE. 
14 
LEADS.3.7SMM 
f.I so" 
1 


800'1 
WIDTH 
(ISSUE 
A 
JUNE 
19851 


2. 
CONTROLLING 
DIMENSIONS 
ARE 
MM. 
INCH 
DIMENSIONS 
IN 
PARENTHESES. 


3. 
QIMENSIONING 
AND 
TOLERANCING 
PER 
ANSI 
'114 
SM·r982. 


4. 
MT". 
"o~ 
AND 
"E" 
ARE 
REFERENCE 
DATUMS 
ON 
THE 
MOLDED 
BODY 
ANU 
DO 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS. 
MOLD 
~LASH 
OR 
PRO- 
T~~5~9~5NS~~9Ls~gJ 
EXCEED 
I SMM 


S. 
PIN 
NUMBERS 
START 
WITH 
PIN.' 
AND 
CONTINUE 
COUNTERCLOCKWISE 
TO 
PIN*14 
WHEN 
VIEWEN 
FROM 
TOP. 


6. 
$IGNETICS 
ORDERING 
CODE 
FOR 
A 
PRODUCT 
PACKAGED 
IN 
A 
PLASTIC 
SMALL 
DUlL 
I NE 
(SO I 
PACKAGE 
IS 
THE 
SUFFIX 
0 
AFTER 
THE 
PRODUCT 
NUMBER. 


--1.271.0S0J8SC 


- 0--------~}~+~-}71---- 


T 
fi h,J4 ClJ1 H tJ1 
OJ 
0 (.004) 


-1-tHH-ffi-lX4" 
~1=-J~~! 


Package outlines l 
_ 


~O®I.l0 
(.004) ~ 


i 
i 
I 
7.60 
(.299) 


7.40 
(.291) 
I 


ED 
I 


10.62 (.418) 


10.21 (.402) 


I+/E®I 
.25 (.010) ® I 


NOTES: 
1. Package 
dimensions 
conform 
to JEDEC 
specification 


M5-013-AA 
fOf standard small outline 
(SO) package, 
16 
leads. 7.50mm (.300") 
body width (issue A, June 
1985). 


2. Controlling 
dimensions 
are 
In mm. 
Inch 
dimensions 
in 


parentheses. 
3. DimenSIOns 
and tolerancmg 
per ANSI 
Y14.5M· 
1982. 
4. 'T'. 
"0" 
and "E" 
are reference datums on the molded 
body 
and 
do 
not include 
mold 
lIash 
()( pmUuSK)(ls. 
Mold 


flash 
or protrUsions 
shall 
not 
exceed 
.15mm 
(.006") 
on 
any side. 


5. Pin numbers 
start with pin *1 and contlnue 
counterclockWIse 
10 pin.:: 
16 when Viewed from top. 
6. Signelics 
ordering code lor a product 
packaged 
in a 
plastic 
small 
outline 
(SO) 
package 
IS the 
suffix 
0 
after 
the product 
number. 


U,.27 (.050) SSC 


10.50 (.413) 


10.10 (.398) 


~ 
Ef31IDfuid6rl 


!¢li.l0(.004) 
I -IL 
-~ 


---., 
:;: 
::~~:~ --:.•.-!~T-I-E-lo-®-'-I-.2-5-(.-01-0-) 
-@~ 


I 


2.65 (.104) 


2.35 
(.093) 


t--~X45· 
I 
.50 (.020) 


I 
I 


L- 
I 


.32 (.013) 


.23 (.009) 
. 
L.30 (.012) 


.10 (.004) 


J 
Package ou tlioes 


------------------_._---------------------- 


o ~ ~ q POp 
H 
'C: 
1'1.1 


":.00' 
S 7 
: 


3'80 '. 
,SOl 
II 
_ 
+-E'Sl~is(~o 
I" o-TlS), 


.:.5....:. 
I 
_ 


L- 
===L=~_=~L~,=l.C'i"l 
~--O 
J j J 0 0 0 0 
, 


j~§~eG~?~t~~7E19~5NcS~~g~~.rg 
FOR 
ST~NDARO 
SMALL 
OUTLINE 
(SOl 


PACK/.CE. 
I S 
LEADS.3.75M1.4 
1.1 SO") 
BODY 
NIOTH 
(ISSUe: 
A . ..JUNE 
(985) 


CONTROLLING 
DIMENSIONS 
~RE 
~M. 


INCH 
OI~ENS10NS 
IN 
PARENTHESES 


DIMENSIONING 
AND 
TOLERANC,NG 


°ER 
ANSI 
YI4 
51.1-1982 


"T", 
"0" 
AND 
"E" 
ARE 
REFERENCE 


DATUMS 
ON 
THE 
MOLDED 
BODY 
~NO 
00 
NOT 
INCLUDE 
MOLD 
FLASH 
OR 
PROTRUSIONS. 
MOLD 
FLASH 
OR 
PRO- 


TRU~IONS 
SHALL 
NOT 
EXCEED 
SMM 
( 
OOS"JON 
ANY 
SIDE 


PIN 
NUM8E~S 
START 
WI7H 
PiN~l 


AND 
CONTINUE 
COUNTERCLOC~WISE 
TO 
PIN-16 
WHEN 
VIEWED 
FROM 
TOP. 
SIr-NElles 
ORDERING 
CoOE 
FOR 
A 


PRODUCT 
PACKAGE.D 
iN 
A 
T-LAST 
Ie 
SMALL 
QU7LINE 
(SOl 
PAC;':~GE 
IS 
THE 
SUFFIX 
0 
AFT~R 
THE 
°ROOUCT 
NUM8E~. 


Package outlines l.... 
_ 


lOM IAft' 
1lUII 
(••• 
) 


I+!ES; 
.21(.111O) 
S, 


NOTES: 
1. Psdtage 
dirnensaons 
conform 
10 JEDEC 
specificabOn 


MS-013-AC 
lor standard 
small outline 
(SO) package, 
20 


leads. 
7.50mm 
(.300") 
body WIdth (issue A, June 
1985). 
2. Controlling 
dimen.sK>ns are in mm. 
Inch 
dimenSlOl'lS 
in 


".",,>theses. 


3. Dimensioning 
and toletanang 
pel' ANSI 
Y14.5M- 1982. 


4. 'T'. 
"0" 
and "e" are ref9f8OCe datums on the molded 
body and do not include 
mold flash 
Of prolnJsions. 
MoMj 
flash or protrusions 
shall not exceed 
.15mm 
(.006") 
on 
any side. 
5. Pin numbet"s start WIth pin :t 1 and continue 
count9fclocKwIse 
to pin =20 
when Vl8Wed from top. 


6. Signetics 
ordering 
code 
lor a product 
packaged 
in a 
plastic 
small outline 
(SO) package 
IS the suffix 
0 after 


the product 
number . 


• 
I 


1_, _i .n ,_,-= 


1"("12) 
1UG 
(•••• 


I\ 


[Tl 
k$ .• (all) 
~ 
;:_I~.t=: 


I-J 
L::::: _++1TIll oS! •• ,mo, 
Ql 


___________________________ 
J 
Package outlines 


I 
7.60 
(.299) 


7.40 (.291) 
Im 
I 


10.62 (.418) 


~) 


!fIe ®1·25 (.010) ® I 


NOTES: 
,. Package 
dimenSIOns conform 
to JEOEC 
speclficalJon 


MS-C13·AO 
lor standard 
small outline 
(501 
package. 
24 


leads. 7.50mm (.300") 
body WIdth (issue A. June 
19a5). 


2. Controlling 
dimenSIons 
are In mm. 
Inch dimenSions 
In 


parentheses. 


3. DimenSions 
and tolerancmg 
per ANSI 
Y14.5M· 
1982. 


4, "T", 
"0" 
and "E" 
are reference dalums on the melded 


body and do not Include mold flash or protrUSions. Mold 
flash or protrusions 
snail 
not exceed 
.15mm (.006") 
on 
any Side. 


5. Pin nurnesrs sIan with pin :::::1 and continua 
counterclockwIse 
to pin .::::24 when 
vIewed 
from 
top. 


6. SignetlCs ordering 
code lor a product 
packaged 
in a 


plasue small outline 
(SOl 
package 
IS the suHix 0 
after 
the product 
number. 


.27 (.050) 
SSG 


15.60 
(.614) 


15.20 
(.598) 
---j 
r.75 
(.030) X45" 
I 
.50 
(.020) 


LJlr 


u 


I 
I 


32 t013) 
L·30 (.012) 
.834 (.033) 


23 (.009) 
10 (.004) 
559 (.022) 


Package outlines l..... 
_ 


1~-----~I~~I'O®I.,O 
(.004) ~I------ 


i 
~ 
~11l 


I 


'0.65 
(.419) 


10.26 (.404) 


1+1.®125 
(.0'0) ® I 


I 
1 


NOTES: 
1. Package 
dimenSions 
conform 
to JEDEC 
specification 
MS..()13·AE lor standard 
small outline 
(SO) package, 
28 


leads. 
7.50mm 
(.300") 
body width 
(issue 
A. June 
1985). 
2. Controlling 
dimenSK>ns are in mm. Inch dimenSIOns 
In 
parentheses. 
3. DimenSions 
and lolsrancing 
per ANSI 
Y14.5M- 1982. 
4. 'T'. 
"0" 
and "E" 
are reference datums on the molded 


body and do not include 
mold flash or prOtruSIonS. Mold 
flash or pl"Otrusions 
shall not exceed 
.15mm (.006") 
on 


any 
SKle. 
5. Pin numbers 
start with pm ::;;1 and contmue 
counterclOCkwise 
to pin 
:::!:28 when 
.•••iewed 
from top. 


6. Signelics ordering code lor a product packaged 
in a 
plastic 
small outline 
(SO) package 
is the suffix 0 after 
the product 
number. 


} 


1--'75 
(.030) X4S. 
l 
.50 (.020) 


en 
~ 
__ ~_:_:~:_.~~_~_: 
_1 __ 
~ 
§ .• 
0 (.004) I 
IL 
-1-- L 


---J 
:::«:~::») --j~"'-I-T-I E~lo-®~I-.2-5-(-.0-,0-)-<B-l 
.32 (.013) 
.30 (.012) 


23 (.009) 
.10 (.004) 


( 


_________ 
Jl__ 
SOI_deriD_g 
_ 


1. By hand-held 
soldering iron or pulse-heated 
solder tool 


Fix the component 
by first soldering two, diagonally 
opposite 
end leads. Apply the heating tool to the flat 
part of the lead only. Contact 
time must be limited 
to 10 seconds at up to 300°C. 
When using proper 
tools, all other leads can be soldered in one operation 
within 2 to 5 seconds at between 
270 and 320 0c. 


(Pulse-heated 
soldering is not recommended 
for SO 


packages). 
For pulse-heated 
solder tool (resistance) 
soldering of 
VSO packages, solder is applied to substrate 
by dipping 
or by an extra thick tin/lead 
plating before 
package 
placement. 


2. By wave 
During placement 
and before soldering, 
the compo- 


nent must be fixed with a droplet 
of adhesive. After 


curing the adhesive, 
the component 
can be soldered. 
The adhesive can be applied by screen printing, 
pin 


transfer or syringe dispensing. 
Maximum 
permissible solder temperature 
is 260°C, 
and maximum duration 
of package immersion 
in solder 
bath is 10 seconds, if allowed to cool to less than 
150 °c within 6 seconds. Typical 
dwell 
time is 4 
seconds at 250°C. 


3. By solder paste reflow 
Reflow soldering req uires the solder paste (a suspension 
of fine solder particles, 
flux and binding agent) to be 
applied to the substrate 
by screen printing, 
stencilling 
or pressure-syringe 
dispensing 
before device placement. 


Several techniques 
exist for reflowing, 
for example, 


thermal 
conduction 
by heated 
belt, infrared, 
and 
vapour-phase 
reflow. 
Dwell 
times vary between 
50 and 
300 seconds according 
to method. 
Typical reflow 
temperatures 
range from 215 to 250°C. 


Pre-heating 
is necessary to dry paste and evaporate 
binding agent. 
Pre-heating 
duration: 
45 minutes at 45°C. 


4. Repairing soldered joints 
The same precaution 
and limits apply as in (1) above. 


SOLDERING 
PLASTIC DUAL IN-LINE PACKAGES 


1. By hand 
Apply the soldering iron below the seating plane (or 
not more than 2 mm above it). If its temperature 
is 
below 300°C it must not be in contact 
for more than 


10 seconds; if between 
300 and 400 °C, for not 


more than 5 seconds. 


2. By dip or wave 
The maximum 
permissible 
temperature 
of the solder 


is 260°C; this temperature 
must not be in contact 
with 


the joint for more than 5 seconds. 
The total contact 
time of successive solder waves must not exceed 
5 seconds. 
The device may be mounted 
up to the seating plane, 


but the temperature 
of the plastic body must not 
exceed the specified storage maximum. 
If the printed- 
circuit board has been pre-heated, 
forced cooling may 


be necessary immediately 
after soldering 
to keep the 


temperature 
within the permissible 
limit. 


3. Repairing soldered join ts 
The same precautions 
and limits apply as in (1) above. 
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Philips 
Semiconductors 


DATA 
HANDBOOK 
SYSTEM 


Philips Semiconductors 
data handbooks 
contain 
all 
pertinent 
data available 
at the time of publication 
and 
each is revised and reissued 
regularly. 


Loose data sheets are sent to subscribers 
to keep them 
up-to-date 
on additions 
or alterations 
made during the 
lifetime 
of a data handbook. 


Catalogues 
are available 
for selected 
product 
ranges 


(some catalogues 
are also on floppy discs). 


Our data handbook 
titles are listed here. 


Integrated 
circuits 
Book 
Title 


ICOl 
Semiconductors 
for Radio and Audio Systems 


IC02 
Semiconductors 
for Television 
and Video 
Systems 


Semiconductors 
for Telecom 
Systems 


CMOS 
HE4000B 
Logic Family 


Advanced 
Low-power 
Schottky 
(ALS) 
Logic Series 


High-speed 
CMOS 
Logic Family 


lOOK ECL Logic Family 


Memories 


General-purpose/Linear 
ICs 


Display 
Drivers and Microcontroller 
Peripherals 
(planned) 


Programmable 
Logic Devices 
(PLD) 


8048-based 
8-bit Microcontrollers 


FAST TTL Logic Series 


ICs for Clocks and Watches 


Semiconductors 
for In-car Electronics 
and 
General 
Industrial 
Applications 
(planned) 


Semiconductors 
for Datacom: 
LANs, UARTs, 
Multi-protocol 
Controllers 
and Fibre Optics 


8051-based 
8-bit Microcontrollers 


68000-based 
16-bit Microcontrollers 
(planned) 


ICs for Multi-media 
Systems 
(planned) 


QUBIC Advanced 
BiCMOS 
Interface 
Logic 
ABT, MUL TIBYTETM 


Low Voltage 
CMOS 
& SiCMOS 
Logic 


IC13 


IC14 


IC15 


IC16 


IC18 


IC20 


IC21 


IC22 


IC23 


IC03 


IC04 


IC05 


IC06 


IC08 


IC10 


ICll 


IC12 


Discrete 
semiconductors 


Book 
Title 


SCOl 
Diodes 


SC02 
Power Diodes 


SC03 
Thyristors 
and Triacs 


SC04 
Small-signal 
Transistors 


SC05 
Low-frequency 
Power Transistors 
and 
Hybrid IC Power Modules 


SC06 
High-voltage 
and Switching 


NPN Power Transistors 


Small-signal 
Field-effect 
Transistors 


RF Power Bipolar Transistors 


RF Power MOS Transistors 


RF Power Modules 


Surface Mounted 
Semiconductors 


PowerMOS 
Transistors 
including 
TOPFETs 
and IGBTs 


SC14 
RF Wideband 
Transistors, 
Video Transistors 
and Modules 


SC15 
Microwave 
Transistors 


SC16 
Wideband 
Hybrid IC Modules 


SC17 
Semiconductor 
Sensors 


Professional 
components 


PCOl 
High-power 
Klystrons 
and Accessories 


PC06 
Circulators 
and Isolators 


SC07 


SC08a 


SC08b 


SC09 


SC10 


SC13 


MORE 
INFORMATION 
FROM 
PHILIPS 
SEMICONDUCTORS? 


For more information 
about Philips Semiconductors 
data 


handbooks, 
catalogues 
and subscriptions 
contact 
your 
nearest Philips Semiconductors 
national 
organization, 


select from the address 
list on the back 
cover 
of this 
handbook. 
Product specialists 
are at your service 
and 
enquiries 
are answered 
promptly. 


OVERVIEW 
OF PHILIPS 
COMPONENTS 
DATA 
HANDBOOKS 


Our sister product 
division, 
Philips Components. 
also has 


a comprehensive 
data handbook 
system to support 
their 


products. 
Their data handbook 
titles are listed here. 


Display 
components 


Book 
Title 


DC01 
Colour 
Display Components 


Colour TV Picture Tubes and Assemblies 
Colour 
Monitor Tube Assemblies 


Monochrome 
Monitor Tubes and Deflection 


Units 


Television 
Tuners, 
Coaxial 
Aerial Input 


Assemblies 


Flyback 
Transformers, 
Mains Transformers 
and 


General-purpose 
FXC Assemblies 


Magnetic 
products 


MA01 
Soft Ferrites 


MA03 
Piezoelectric 
Ceramics 
Specialty 
Ferrites 


MA04 
Dry-reed 
Switches 


Passive 
components 


PA01 
Electrolytic 
Capacitors 


PA02 
Varistors, 
Thermistors 
and Sensors 


PA03 
Potentiometers 
and Switches 


PA04 
Variable 
Capacitors 


PAOS 
Film Capacitors 


PA06 
Ceramic 
Capacitors 


PA07 
Quartz 
Crystals 
for Special 
and Industrial 


Applications 


Fixed Resistors 


Quartz 
Crystals 
for Automotive 
and Standard 


Applications 


PA 11 
Quartz 
Oscillators 


Professional 
components 


PC04 
Photo Multipliers 


PC OS 
Plumbicon 
Camera Tubes and Accessories 


PC07 
Vidicon 
and Newvicon 
Camera 
Tubes and 


Deflection 
Units 


Image Intensifiers 


Electron 
Multipliers 


PA08 


PA10 


PC08 


PC12 


MORE INFORMATION FROM PHILIPS COMPONENTS? 


For more information 
contact 
your nearest 
Philips 


Components 
national 
organization 
shown in the 
following 
list. 


Argentina: 
BUENOS AIRES. Tel. (541)541 4261. Fax. (541)7869367. 


Australia: 
NORTH RYDE. Tel. (02)805 
4455. Fax. (02)805 4466. 


Austria: 
WIEN. Tel. (01)601011820. 
Fax. (011601011210. 


Belgium: 
BRUXELLES. Tel. (02)7418211. 
Fax. (02)7358667. 


Brazil: 
SAO PAULO. Tel. (011)8291166. 
Fax. (011)829 
1849. 


Canada: 
SCARBOROUGH. Tel. (416)292 5161. Fax. (4161754 6248. 


Chile: 
SANTIAGO. Tel. (02)773816. 
Fax. (02)5602 735 3594. 


China (Peoples Republic 01):SHANGHAI. Tel. (021)3264140. 
Fax. (021)3202160. 


Colombia: 
BOGOTA. Tel. (01)2497624. 
Fax. (01)261 0139. 


Denmark: 
COPENHAGEN. Tel. (032)883 333. Fax. (031)571 949. 


Finland: 
ESPOO. Tel. (9)0-50261. 
Fax. (9)0-520971. 


France: 
SURESNES. Tel. (01)4099 6161. Fax. (01)40996431. 


Germany: 
HAMBURG. Tel. (040)3296-0. 
Fax. (040)3296 
216. 


Greece: 
TAVROS. Tel. (01)4894339/(01)4894911. 
Fax. (01)481 5180. 


Hong Kong: 
KWAI CHUNG. Tel. (852)7245121. 
Fax. (852)480 6960. 


India: 
BOMBAY. Tel. (022)4938 
541, Fax. (022)4938 
722. 


Indonesia: 
JAKARTA. Tel. (021)5201122. 
Fax. (021)5205189. 


Ireland: 
DUBLIN. Tel. (01)640203. 
Fax. (01)640210. 


Italy: 
MILANO. Tel. (02)6752.1. 
Fax. (02)6752 
3300. 


Japan: 
TOKIO. Tel. (03)37405143. 
Fax. (03)37405035. 


Korea (Republic of): SEOUL. Tel. (02)70So1412. Fax. (02)70So1415. 


Malaysia: 
KUALA LUMPUR. Tel. (03)7575511. 
Fax. (03)7574880. 


Mexico: 
CHI HUA HUA. Tel. (016) 18-67-011(016)18-67-02. 
Fax. (016)7780551. 


Netherlands: 
EINDHOVEN. Tel. (040)783749. 
Fax. (040)7 88399. 


New Zealand: 
AUCKLAND. Tel. (09)64So4160. Fax. (09)84So7811. 


Norway: 
OSLO. Tel. (22)746000. 
Fax. (22)74 8341. 


Pakistan: 
KARACHI. Tel.(021)577 032. Fax. (021)569 
1832. 


Philippines: 
MANILA. Tel. (02)810-0161. 
Fax. (02)817-3474. 


Ponugal: 
lISBOA. 
Tel. (01)3883121. 
Fax. (01)388 3208. 


Singapore: 
SINGAPORE. Tel. (65)3502000. 
Fax. (65)355 1758. 


South Africa: 
JOHANNESBURG, 
Tel. (011)470-5434. 
Fax. (01 I )47(}5494. 


Spain: 
BARCELONA. Tel. (93)3016312. 
Fax. (93)301 
4243. 


Sweden: 
STOCKHOLM. Tel. (08)6322000. 
Fax. (08)832 2745. 


Switzerland: 
ZURICH. Tel. (01)488 
2211. Fax. (01)4817730. 


Taiwan: 
TAIPEI. Tel. (2)509 7666. Fax. (2)500 
5912. 


Thailand: 
BANGKOK. Tel. (2)399-3280 
109. (2)398-2083. 
Fax. (2)398-2080. 


Turkey: 
ISTANBUL. Tel. (01)279 
2770. Fax. (01)2693094. 


United Kingdom: 
LONDON. Tel. (071)5806633. 
Fax. (07116360394. 


United States: 
RIVIERA BEACH. Tel.( 800)447-37621(407)881 
3200. 


Fax. (407)881 3300. 


Uruguay: 
MONTEVIDEO. Tel. (02)704044. 
Fax. (02)920 601. 


For all other countries apply 10: Philips Components, 
Marketing 
CommUnications. 
Building BAE. 


P.O. Box 218. 5600 MO. EINDHOVEN. The Netherlands 


Telex 35000 phlcnl. Fax.• 31-40-724547. 


